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Mr. Gary Baughman 
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Colorado Department of Health 
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Gentlemen: 

Please find enclosed two (2) copies of the final document entitled "Guide for Conducti1:g 
Statistical Comparisons of RWRI Data and Background Data At the Rocky Flats Plant". 
This document was prepared in response to: (1) the U.S. Environmental Protection Agency, 
Region VIII, (EPA) letter to the 0 . S .  Department of Energy, Rocky Flats Office (DOE/RFO) 
dated May 20, 1993; and the August 12, 1993 EPAKolorado Department of Health (CDH) Stop 
Work letter to DOE/RFO. In addition, please find enclosed responses to EPA comments dated 
September 21 and October 25, 1993 and CDH comments dated September 13 and October 13, 
1993. These comments, along with the discussion from the September 29, 1993 meeting 
between EPA, CDH and DOERFO are reflected in the final methodology. 

The enclosed statistical methodology will be used for comparing Resource Conservation and 
Recovery .4ct Facility Investigation/Remedial Investigation (RFI/RI) data and background data 
for Operable Units (OUs) 3 and up  at the Rocky Flats Plant. As stated in the EPA May 20, 1993 
letter, both OUs 1 and 2 are exempt from this methodology. 

Any questio;Is or concerns regarding this letter and er,closure should be addressed to Bruce 
Thatcher of my staff at 966-3532. 
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Guide for Conducting Statistical 
Comparisons of RFI/RI Data and Background Data 

At the Rocky Flats Plant 

General 

This document is intended to provide guidelines for OU-to-background comparisons of data, and 
to explicitly discuss approaches to the issue of determining OU-specific contamination. The OU- 
to-background comparison will be applied for inorganics and radionuclides. In addition, the 
comparison may occasionally be performed for organics on a limited, case-by-case basis, subject 
to EPA and CDH approval. 

It is i m p o r h i t  to establish a common approach leading to a common list of possible 
contaminants for each OU. To this end, Figure 1, GENERAL APPROACH TO 
DETERM-JNING "CONTAMINANTS" was developed. In this general technique, a "Tool- 
Box" approach is employed to arrive at one common list of contaminants for each OU (or 
subdivision), for all functional aspects of the RFYRI and CMSIFS. 

As indicated, several disciplines such as the Human Health or Ecological Risk Assessors and 
Regulatory specialists may pare the list of contaminants to "Contaminants of Concern" (COCs) 
based on factors germane to their application (e.g., toxicity). 

. .  
.._.__.-. . __  -. -:.. j-.:.. .... .3 The text below follows Figure 2, FLOWCHART FOR COMPARING OU DATA TO 

. . . . . . . . . . .  i. 
. . .  .... 
... .... .....* 7 .  5 .  . . . . .  

. . . . . . .  
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:..._., .-: ....... :: . i . . . . . . . .  

. . . . .  . . . .  . .  
. .  

Start . .  

. .  

Determine Backerom:.! and OU Target PoDulations 

Appropriate geognphical, geolo$il ,  and temporal data sets w i l l  be defmed for cornprison. 
This is essentially a matching exercise so that Site (Ow data sets are comparable to background 
sets. Consideration will be given to issLies such as: 

Geologic materials 
Hydrostratigraphic unit 
Temporal comparability 
Sample size for statistical tests 
Confidence in geo/hydrologic regime determination 
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The background data sets will be taken from the 1993 Background Geochemistry 
Characterization Report (EG&G, September, 1993), except for surficial soils. Rock Creek 
surficial soil samples were used as background for OUs 1 and 2, and will be used  until the FY94 
surficial soil sampling data is available. S:irficial soils are scheduled to be sampled i n  FY94 to 
supplement the Rock Creek data and the F ; 94 samples will be used subsequently as background 
surficial soil data. The following media have defined backgrounds: groundwater (Rocky Flats 
Alluvium, valley- fill alluvium, colluvium, weathered sandstone, and unweatkered 
Arapahoe/Laramie formation rocks), surface water (Rock Creek and Woman Creek), sceps, 
stream sediments (Rock Creek and Woman Creek), seep sediments, and soils (RocAy Flats 
Alluvium, colluvium, surficial, weathered claystone, and weathered Arapahoe, Laramie 
sandstone). Site media will be cross-referenced to one or more background media. 

Set N O S  

DQOs are established to define data needs for each of the RFI/RI tasks, coordinate that 
collection activities support those needs, and ensure the quality and quantity of resultant data. 
Three stages are used in the development of DQOs: 

Identify Decision Types: 
Identify and involve data users, 
Evaluate available data, 
Develop a conceptual model of the study site, and 
Specify RFI/RI objectives, and anticipate the decisions necessary to achieve the 
objectives. 

/ 

Identify Data Uses and Needs: 
Identify data uses, 
Identify data types, 
Identify data-quality needs, 
Identify data-quantity needs, 
Evaluate sampling and analysis options, and 
Review data precision, accuracy, representativeness, completeness, z nd comparability 
(I'ARCC). .. 

Design Data Collection Program: 
Assemble data-collection components, and 
Develop data-collection documentation. 

Data Collection and Validation 

Under current TAG schedule conditions, analytical data may not be 100% "validated" when the 
background comparisons are made in each draft report. However, non-validated data will be 
used only for draft RFYFUs. Final RFI/RI reports wliI use only data that have undergone 
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validation. Data that have been rejected will not be used. The potential impacts of using non- 
validated data wiU be discussed on a case-bycase basis in the final reports. 

Data Mentation 

A "preliminary" explontory data appraisal will be performed to btain a "feel" for the data. 
This will involve techniques and identification of issues such as: 

Gross summary statistics 
Spatial arrays 
Temporal plots 
Sampling strategy comparability evaluation 
Affected media matrix 
Hit ratios 
Non-detect rates 
Detection limitlquantitation limit issues 
Extent of data qualifications "J", "B", etc. 
His tograms/boxplots/o ther visuals 
DQO adequacylcompleteness assessment 

This step will help guide the need for, 2nd evaluate the appropriateness and applicability of 
furtier analysis, evaluate assumptions, and ascertain the impacts and limitations in light of the 
actual data as collected. Information generated during the exploratory data appraisal will be 
used in evaluating the appropriateness of the scope of the formal RFI/RI proposal. Results will 
be informationally discussed in a meeting with EPA, CDH, and DOElRFO. 

everal data-presentation techniques were identified by Dr. Gilbert as appropriate for different 
conditions. To perform them all for all compounds in a standard full suite is not necessary 
when it is clear from a preliminary review that the vast majority of data points for some 
compounds are entirely or almost entirely on-detects. 

Accordingly, we have refined the methodology as follows: 

Box plots will be used when the percentage of non-detects is 50% or less. 

Histograms will also be used when the percentage of non-detects is 50% or less, Bars in 
the histogram will be shaded to indicate the percenta'Je of detects and non-detects within each 
bar interval. 

Probability plots, ordered listings, and other graphics will be used as appropriate. 
1 

I 

As indicated by the OU1 process, visual presentation of the data is important. Interpretable 
graphics will be produced to the extent that they facilitate analysis. In general, graphics will be 
a central feature of analysis. 



BACKGROUND CO MPARISON ME THODOCOG Y TOOL BOX APPROACH 

l 
o The upper-limit value will be the value at which there is a 99% probability that 99% of the 

background distribution will be below this value mIw).- If the UTI+/w cannot be 
calculated or reasonably estimated, then background values from technical literature and 
professional judgement will be used. The resulting geochemical interpri:tation of data will 

:.. o ,, The UTI+,s is required instead of a toxicity-based value because a single list of pdtential 
: . . -. . . .. . - .  ,contaminants must be used by many disciplines (Human Health, Ecological, Regulatory, 

etc.,) to ensure consistency across the RFURI and CMS/FS Reports. The subjective nature 
of what is "hot", as well as toxicity and ARAR considerations, will be dealt with by the 
specialists who determine COC's specific to their discipline. 

e subject to Agency review and approval. 
. .  

.. ~ 

Employ'ng: Bounding-Benchmark Comparison (Hot Measurement), Inferential Statistics, and 
Profess; mal Judgement 

General 

The tool-box approach employs a bounding-benchmark comparison, inferential statistics, and 
professional judgement. This approach was forwarded in the OU1 comment-resolution process, 
endorsed by Dr. Gilbert, and is widely applied in the hazardous .waste industry and 
environmental business across America. It employs a "weight-of-evidence" framework wherein 
all three aspects are factored into the determination of what is a Site (OU) contaminant. 
Statisticians will be used to verify that the methods used are correct. 

Bounding-Benchmark ComDarison ("Hot-Measurement Test" ComDonent) 

o A hot-measurement test will be performed that will compare each analyte concentration to 
an upper-limit value for that analyte. 

o In addition to ensuring that high concentrations do not get overlooked, the 'jrrz99/w is an 
important tool for identifying locations of suspected elevated concentration in the "nature and 
extent" section. 
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Background Compariso n UsinP Inferential Stat istical Methods 

Based on Dr. Gilbert's work, the following inferential statistical tests will be used to compare 
background data sets to data sets compiled at the Operable Units (OUs). These data sets will 
be compiled and compared by analyte, and by the correct background data set (i.e., colluvium, 
alluvium, alluvium' + colluvium, surface soils, etc. [See Determine Background and OU Target 
Populations]). 

It should be noted that Dr. Gilbert's recommendations establish a framework that emphasizes 
using the most appropriate test available. Thus professional judgement will be necessary both 
in application of inferential tesrs, as well as their interpretation. Additionally, within the 
framework of a battery of tests drawn from a "tool box" of methods, it is requested that EPA 
and CDH remain open to consultation on tht: use of other tests as appropriate. 

1 

The results of all tests (hot-measurement, inferential) will then be evaluated in light of 
professional judgement. This process is depicted on Figure 3, B;'\CKGROUND 
COMPARISONS METHODOLOGY. 

If hot-measurement or inferential statistical tests show that the concentration of a given analyte 
in the OU data set is not greater than the concentration in the background data set, and if 
considerations in the professional-judgement arena do not override, then the analyte is considered 
not to be a contaminant. c 

If either the hot-measurement test or at least one inferential statistical test shows that the 
concentration of a given analyte in the OU data set may be greater than the concentration in the 
background data set, then professional judgement (using temporal and spatial analysic as well 
as pattern-redognition concepts) is again applied to see if the analyte concentrations in the two 
data sets are actually differcnt. 

After the hot-measurement test and prior to the use of inferential statistical testing, the issue of 
non-detects must be dealt with for all tests except the Gehan test, which can be applied with non- 
detects present. For all other tests, non-detects should be replaced with a value of 0.5 times the 
applicable reported detection limit, following EPA guidance (Statistical A-nalysis of Groundwater 
Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance, July 1992), but 
realizing the pxformance of simple substitution dcreases with an increasing proportion of non- 
detects. 

The handling of non-detects, and the presence of multiple detection limits in the FEEDS data 
base, requires the use of good professional judgement along with the general guidance offered 
here. The use of graphical displays of data will assist in the handling of high-value non-detects. 

Detection limits will be discussed in the RI report. 
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Gehan Test or Nonparametric ANOVA Test 

The Gehan test is a nonparametric test and can be used when multiple detection limits are 
present. The Gehan test will be applied without repiacing non-detects. These are the 
principal favorable attributes of the Gehan test. 

Standard nonpaiametric ANOVA tests (Wilcoxon Rank Sum and Kruskal-Wallis) are widely 
used in environmental assessment, and are discussed in EPA guidance (Statistical Analysis 
of Groundwater Monitoring Data at RCR4 Facilities, Addendum to Interim Final Guidance, 
July 1992). These tests require replacement of non-detect values, either by simple 
subs ti tu tion or maxim um -1i kel i hood methods. 

For the Gehan or nonparametric ANOVA test, a p-value will be generated and p-values that 
are equal to or less than 0.05 will normally be considered indicative of a significant 
difference from background. Statements of the test and null hypotheses will be given, in  
both statistical and narrative terms. 

Ouantile Test 

o The quantile test is also a nonparametric test and can be considered as a rapid screening test. 

o Due to limitations in the quantile test, the test will only be u@ if the Iargest 20% of the 
combined background and site data are detects. 

o A p-value will be generated and p-values that are equal to or less than 0.05 will indicate a 
significant differenci:. from background. Statements of the test and null hypotheses will be 
given, in both statistical and narrative terms. 

S1iDDa.e Test 

o The slippage test is a nonparametric test and can be considered as a rapid screening test. 

o Due to limitations in the slippage test, the test will possibly not be used if the largest 
background -Aue  is a non-detect. If the largest background value is a non-detect, then 
professional judgement will be applied to determine whether or not the slippage test is 
applicable. For example, if the second largest background vdue is a detect and is similar 
in value to the largest background value, it could be used in place of the largest value 
(although the replacement must be taken into account when interpreting the test results). 

o A p-value will be.generated and p-values that are equal to or less than 0.05 will indicate a 
significant difference from background. Statements of the test and null hypotheses wiii be 
given, in both st.itistical and narrative terms. 
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T-Test 

The t-test is a parametric test and is very commonly used when testing the difference 
between means of two data sets. 

Due to limitations in  the t-test, the test will be applied in cases where both background and 
OU data are normally distributed and contain at least 20 data points, and less than 20% of 
the background and OU data are classified as non-detects. 

A p-value will be generated and p-values that are equal to or less than 0.05 will indicate a 
significant difference from background. Statements of the test and null hypotheses will be 
given, in  both statistical and narrative terms. 

Professional Judgement 

The following general guidelines will be used individually and collectively, in conjunction with 
the above comparison and statistical "tools" to ascertain if a reported analytical detection(s) 
constitutes contamination at the OU. When professional judgement is applied,, documented and 
defensible evidence will be furnished, and DOE will bear the "burden of proof'. 

r 

Spatial d*kfribution of analytes above background are or are not indicative of contamination 
due to wasrerelated activities at the OU. Spatial plots, interpreted in a source-to-receptor 
conceptual model, in addition to compound-specific mobility considerations, generally assist 
in interpretation of inconclusive results. 

Temporal distribution of analyte concentrations at a station indicates the "high" value(s) 
is(are) outlier(s). Time-series plots at wells or surface-water loca~ons can generally be  used 
to Link apparently insignificant outlier reports to seasonal or hydrological phenomena, and 
vice versa. 

Other associated analytes are determined not to be contaminants in the sample or at the 
station. Then this may be added to cumulative evidence ("burden of proof') that thz analyte 
in question is not a potential contaminant of concern. Pattern-recognition concepts are 
useful in identifying anomalies as well as confirming "fingerprint" associations. 
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Flow Chart  for Comparing OU 
Data to Background 
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Flow Chart for Comparing 
OU Data to Background 



Lr- ONE LIST OF 
'I CO IdT A M I14 A. NT S 'I 

I;) 
CD 
3 

$8 

4 

' I  

At.IA\-YSIS "TOOL BOX" 

STATISTICS 

* COMPAl3lSOl.lS 

S C I E NTI FI C A 1.I A 1-Y S I S 

.. ,, . .  ..: 
. . .  

; , : I  ' . .  : .  



€ 
S 
0 
cr) 

c3 

.- 
L 

P 
3 
t 
I3 
0 
tT) 

0 n 
U 

L 

v - 

. . _ . .  . .... --. . .  . . . . .  ............ . .  ........... ::.. . . . . . .  , .. , ... - . . .  . . . . . .  . .  . . . .  -. - ............ . . . .  I A-'.. :: . - - . . . .  . ~ .. _.I__ - .. .... 

. .  . . . .  ,... : . . . - -s i  L . .  ..- 
... . . . .  . - . _  . . . . .  

. . . .  

I A 

A 
I 

- _ -  - 
Figure 3 

Background Comparison Methodology 
-- 



, t i ,  , 
Table C-1. Groundwater UTLs by geologic unit for dissolved metals. 

t 

UPPER TOLERANCE LIMITS BY GEOLOGIC uT\I?T 

GROUNDWATER. DISSOLVED METALS 

W Y E  

ALUMINUM 
AKnMONY 
W R I U M  
W M I U M  
C4LCIUM 
CHROMIUM 
C O P P E P ,  ' 

IRON 
LITHIUM 
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
POTASSIUM 
S E N I U M  
SILVER 
S 3 D I U M  
STilONTIUM 
TIN 
VANADIUM 
ZINC 

ALUMINUM 
hNT1MOh"l 

CADMIUM 
CALCIUM 
CHROMIUM 
C O P P E R  
IFION 
LEAD 
LITHIUM 
MAGNESIUM 
W G 4 N E S E  
MOLYBDENUM 
NICKEL 
POTASS I U M 
SILVER 
SODIUM 
STRON-ilUM 
T W \ L U U M  
TIN 
VANAOiUM 
ZINC 

u a i u M  

GEOLOGIC S A M P L E  PERCENT STANDARD 
UNIT SIZE, N DETECTS MEAN D N l A T l  ON 99/99 U L  UNITS 

C O L  35 71.43 59.18 49.50 224.21 UGA. 
C O L  33 33.33 14.04 9.53 46.92 . U G A  
C O L  34 79.41 77.05 39.03 207.99 U G L  
C O L  34 23.53 1.97 1.67 7.57 U G A  
COL 35 100.03 m.314.a 34,355.90 210.868.89 UGA. 
C O L  32 28.12 5.87 5.93 26.c3 U G A  
C O L  33 36.36 5.08 4.20 19.27 UGA 
C O L  34 61.76 46.38 79.70 313.70 U G K  
C O L  34 88.24 122.77 64.53 406.30 U G K  
C O L  34 1oo.cQ 20,479.41 10,610.71 95.070.91 U G A  
C O L  35 7429 32.10 38.69 161.12 U : X  
C O L  33 42.42 19.35 32.15 127.67 1 .n 
C O L  33 04.05 2.086.36 1,903.98 8.513.03 Ll .n 
C O L  32 6 2 3  17.40 42.@9 163.12 UGA. 
C O L  31 25.01 3 .P  2.81 12.84 UGlL 
cot. 35 l w . w  48.454.29 M 5 2 . 3 1  31 3.595.26 U G L  

U G A  C O L  34 97.05 701.88 374.00 
C O L  31 41.94 u . 0 1  62.59 29 .16  U G L  
C O L  32 65.62 0.17 7.85 34.84 UGA 
COL 35 74.29 11.30 10.64 46.78 UGlL 

1,959.08 

R?A 104 
Ri 'A  113 
R-k 114 
P.?A 107 
aFA 113 
RFA 113 
RFA 1:2 
RFA 113 
RFA 111 
RFA 109 
RFA 112 
RFA 114 
RFA 1% 
RFA 1 0 5  
RFA 110 
KFA 105 
RFA 112 
RFA 112 
R i A  M 
RFA 103 
RFA 111 
RFA 113 

75.m 
49.56 
63.33 
22.43 
103.03 
41.59 
43.75 
7c.33 
24.32 
66.81 
91.95 
52.63 
S . 0 5  
36.79 
79.09 
20.57 
98.21 
86.61 
21.74 
41.m 
62.1 6 
79.65 

68.23 
18.37 
72.32 
1.66 

S7.655.53 
4.86 
4.79 

70.20 
1.43 

12.68 
4,266.21 

6.17 
19.37 
7.66 

925.94 
2.73 

7.632.21 
132.73 
1.68 

29.i2 
0.36 
15.69 

125.93 
12.99 

.- 22.50 
1.13 

10.707.96 
3.33 
4.13 

157.23 
1.0: 
17.35 

1.369.27 

34.13 
7.65 

705.81 
1.88 

1.740.52 
91.05 
1.64 

3 . c 2  
9.95 
19.83. 

15.M . 

361 .E4 
48.61 
129.39 
4.29 

81,245.08 
12.63 
1 5 . 4 3  

4S6.62 
8.41 

53.12 
7.456.63 

41.21 

25.29 
2.570.cB 

7.1 1 
11.557.40 
w . 0 9  
5.53 
108.93 
21 .% 
61.08 

98.88 

UGR. 
UGIL 
UGIL . 
USIL 
UG!L 
USIL 
UGlL 
UGA 
UGIL 
UG!L 
UGIL 
UG/L 
UGIL 
U S I L  
UGIL 
USIL 

UG!L 
U S L  
i: SIC 
UG:L 
IJ.S.'L 

usr, 

C-5 



- -~ 

1 . *  , _. 

I Table C-2. Groundwater UTLS by geologic uIlit for total metals. 

UPPER TOLERANCE LDV~~TS BY GEOLOGIC U N T - -  
GFIOUNDWATER. TOTAL METALS 

UULm 

ALUMINUM .; 
ANTIMONY 
ARSENIC 
B W U U  
W l U M  
W C l U M  
CHROMIUU 
COPPER 

LEM 
LlTHlUM 
MAGNESIUM 
UANGANESE 
MOLYBOENUM 
N)CKEL 
POTA5SIUM 
SELENIUM 
SILICON 
SODIUM 
STROEmUM 
THALUUM 
TIN 
VANADIUM 
ZINC 

moH 

ALUMINUM 
AhllMOW 
AFtSENlC 
B4RIUM 
C4LClUM 
CESIUM 
CHROMIUM 
MBALT 
COPPER 
IRON 
LEAD 
m I U M  
MAGNESIUM 
MANGANESE 
MOLY BOE N UM 
NICKEL 
POTASSIUM 
SlUCON 
SODIUM 
STRON-rIUM 
n N  
VANADIUM 
ZlNC 

- 

GEOLCGIC' ' W P G  PERCEhT STANDARD 
UNtl SIZE. N DETEClS MEAN DEVUTION W I D 9  LJ-rL UNITS 

COL 19  
COL 20 
COL 20 
COL 20 
COL 20 
COL 20 
COL 1 8  
COC 20 
COL 19  
COL 18 
COL 20 
COL 20 
COL n 
COL 20 
COL i a  
COL 20 
COL i a  
COL 12 
COL 20 
COL 20 
COL 23 
COL 20 
COL 23 
COL 23 

100.00 
33.00 
a.OO 
a5.m 
25.00 
100.00 
PP 
65.00 
100.00 

w. 00 
103.00 
95.00 
a.OO 
5j.s 

75.00 
66.61 
100.00 
103.00 
103.00 
35.00 
40.00 
15.00 
85.03 

3. a9 

745.11 
17.14 
1.93 

90.87 
1.97 

0 9 . ~ . 0 3  
4 s  
9.29 

m . 1 1  
228 

11l.W 
21.220.03 
n.4 
25.88 
1.25 

2013.25 
15.04 

8,600.75 
101.01 0.03 

7m.u 
1.64 

35.35 . 
16.U 
31.55 

7bD.02 
9.52 
1.65 

W.40 
1.74 

37.654.79 
4.38 
11.81 

67922 
4.21 

M.49 
11.477.51 

126.39 
39.19 
6.31 

1.Bp3.58 
47.1 1 

68.738.74 
370.49 

1.76 
S . 6 2  
27.37 
36.14 

2 4 ~ 3 1  

3,816.32 
5422 

34529 
8.64 

2U.816.53 
21.58 
ns 

3.308.92 
i 9 . i a  
440.35 

65.296.75 
541.73 
174.05 
32.26 

9.258.62 
201.61 
20.008.M 

2159.90 

167.99 
121.70 
170.01 

a.24 

2 a . w . 4 8  

8.43 

UGR 
UGsR 
UGR 
UGA 
UGA 
UGA. 
UGA 
UGII. 
U C n  
UGA 
UGA 
UGA 
uc-:? 
UG/L 
UGlL 
UGA 
UGA 
U G L  
u WL 
UG/L 
UGlL 
UGA 
UGlL 
UGlL 

RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RF A 
RFA 
RFA 
RFA + 

RFA 
RFA 
RFA 
RFA 
RFA 
RFA 

66 93.44 
63 4286 
61 27.87 
66 18.79 

65 23.08, 

67 100.03 

64 56.25 
65 2121 
66 n.21 
€4 0B.u) 
63 71.43 
67 76.12 
61 05.52 
66 90.91 
ta 33.82 
€4 40.91 
68 76.47 

37 1w.00 
67 97.01 
LU 7a.12 
ba 3235 
66 78.79 
67 W 15 

3.BU.45 
21.40 
2.07 
D6.13 

58.693.30 
150.64 
8.21 ' 

8.46 
12.25 

4.262.08 
3.64 
17.15 

5.050.61 
90.09 
24.80 
13.25 

19.033.92 
7.797.1 6 

125.27 
3 . 0 1  
14.87 

40.26 

1.sia.c6 

5.057.31 
15.61 
1.76 
36.76 

17,054.00 
202.63 

7.49 
10.30 
13.55 

5950.89 
3 . ~ 5  

19.09 
2112.61 

113.99 
40.38 
11.32 

1.190.52 
ll.cL6.15 

39.23 
x.bs 
11.21 
67.22 

i .ms.3 

19.223.71 
68.88 
7.43 

237.82 
93.288.54 

7M.W 
50.99 
29.78 
53.48 

2.223.15 
1 .$, u 
75. i9 

11.475.30 
436.i 3 
147.60 
41.69 

5.198.84 
56.m.23 
13.965.12 
24-4.47 
IA5.45 
4 8 . ~ 7  

244.69 

' UGlL 
UGIC 
U C l L  
UGJL 
UGIL 
UGlL 
UGiL 
UGlL 
UG!L 
UG .I 
UGIL 
UGIL 
UGlL 
UGT. 
U G ii. 
UGlL 
UG/L 
US!? 
ucn  
UG:I 
K i l l  

U i i C I  
UGIL 
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Table C-2 (cont'). 1 

%PER T O L E W C E  LIMITS BY GEOLOGIC UNIT 
GROUNDWATER, TOTAL METALS (CONT) 

ALUMINUM 

AF6ENlC 

CADMIUM 
C U U U U  
CESIUM 
CHROMIUM 
Co BILT 
COPPER 
IRON 
LEAD 
UrHIUM 
WGNESIUM 
W N W E S E  
UERCUFW 
Y OLY 3 DEN U M 
NICKEL 
W f A S S  IU M 
SELENIUM 
SILICON 
SODIUM 
STRONTlUM 
T M W U U  

VANADIUM 
DNC 

AHTlUOkY ; 

umuu 

ns 

M U  U INUU 
AhTlUOW 
BARIUM 
U l C l U M  
CESIUM 
CHROMIUM. 
COPPER 
IRON 
LEAD 
m I U M  
UAGNESIUM 
UANWNESE 
UOLYBDENUU 
poTAssluM 
SELENIUM 
SILICON 
SODIUM 
STROKTIUM 
W U M  
TIN 
VANADIUM 
DNC 

GEOLOGIC ,.SAMPLE PERCENT STANDARD 

U N r  SVE. N DElECtS UEAN DEVLAT!ON 99/99 UTI. UNITS 

VFA U 
VFA 41 
M A  . 41 
VFA U 
M A  U 
M A  U 
VFA 44 
WA 42 
M A  U 
VFA U 
VFA U 
M A  40 
M A  43 
M A  U 
VFA U 
M A  U 
VFA U 
M A  U 
M A  U 
M A  42 
M A  23 
VFA U 
VFA U 
VFA U 
VFA 42 
VFA U 
VFA U 

97.67 
31.71 
31.71 
m.n 
25.5.3 
lw.w 
30.00 
50.00 
1o.w 
81.40 
1oo.w 
T7.M 
81.43 
97.67 
P 5 . S  
23.26 
27.91 
u.10 
81.40 
4286 
1w.00 
1 w . w  
95.35 
27.9 1 
38.10 
79.07 
1cQ.W 

) 

2560.2.5 
16.54 
1.70 
112n 
1.n 

aO.361.72 
14206 
6.06 
6.73 
lo.u 

273259 
3 . 3  
2251 

12BfS.24 
otJ8 
0.12 
10.90 
8.41 

1.785.13 
3.42 

15,831.4 
s?.m.w 
374.14 
1.47 
31.89 
1220 
39.93 

3,909.13 
9.86 
137 
30.08 
1.78 

30.137.58 
1cu.a 
6.89 
8.X 
'24a 

4. 79.M 
.La 
18.9s 

6.410.62 
154.18 
0.04 
36.26 
7.05 
913.58 
7.97 

ll.rn.33 
1C.lM.58 

236.92 
1.59 

32.n 
10.56 
28.56 

14.m.86 
47.M 
6.- 
210.51 
7.39 

155.U5.78 

2A69 
3.u 
4 9 . w  

17.181.S 
13.97 
us 

33.090.74 
421.07 
0.26 

1 xu3 
x . 3 5  

4.W.48 
28.55 

5D.le-S.Cl 
83.992.25 
1.W.P7 
6.49 
134.65 
4252 
: 33.m 

741.90 

UWL 
UOA 
UGR 
UG/L 
UGlL 
UGR 
UGA 
UGlL 
UGlL 
U W  
UGlL 
UGR 
UC.:. 
UGA 
U G A  
UGlL 
UG/1 
UGA 
UGA 
U G R  
UGlL 
UGA 
UGA 

UGL 
UGA 
UGA 

UriA 

W W  19 
wcs 17 
W S  19 
WCS 18 
WCS 20 
wcs ' 1P 
WCS 1Q 
W W  19 
WCS 19 
WCS 1P 
WCS 19 
WCS 19 
WCS 19 
W t s  19 
WCS 18 
WCS 10 
WCS 18 
WCS 19 
WCS 10 
WCS 19 

WCS 19 
WCS ( '  19 

89.47 
47.06 
M.21 
100.00 
35.00 
36.84 
57.09 
09.47 
73.68 
7J.m 
100.03 
68.42 
42.1 1 
73 .M 
50.00 
1 :o.m 
lW.M 
1W.M 
27.78 
31.58 
68.42 
e-4.21 

1.526.18 
19.09 
113.17 

53.731.58 
188.32 

5.44 
7.15 

1.690.19 
2.68 
29.12 

11.527.09 
37.U 
3.49 

1.e58.95 
9.10 

10.474.00 
27,557.89 
390.47 
1.85 
36.28 
10.57 
25.91 

2.650.79 
1o.s 
66.05 

13.527.63 
215.2s 
4.02 
4.34 

3.323.w 
2.52 

' 15.94 
3.7Ot.95 

56.99 
u.45 
xyJ.67 
19.03 

5.566.37 
9.u1.60 
150.51 

1.95 

39.56 
9.20 
17.83 

11.5a.37 
61.58 
37047 

106,387.86 
1.013.07 
21.M 
24.03 

14.628.42 
12E9 
91.18 

25.29 1.7 1 
259.28 
235.49 

3.W7.76 
W.LB 

40.745.70 
€4,659.09 
976.33 
9.71 

152.26 
46.39 
95.69 

UGA 
UGA 
U G A  
UGR 
UGlC 

UGR 
UGR 
UGA 
UGIL 
UGA 
U G R  
UGA 
UG,K 
USA 
UGR 
UGR 
UGIL 
UGP. 
UGIL 
UGIL 
UGR 

UG:I 
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Table C-2 (cont'). 

UPPER TOLERANCE LITt?LITS BY GEOLOGIC IJN" 
GROUNDWATER, TOTAL METALS (cotv) 

O E O L ~ G I C  SAMPLE PERCENT STANDARD 
ANALYTE U N l l  S(zE N DETECTS U U N  D W T I O N  W/D9 IJTL UNITS 

1 

ALUMINUM 
ANTIMONY 
A P S E N I C  
M F U U M  
W C l U U  
C E S I U U  
CHROMIUM 
COPPER 
IRON 
LEM 
LITHIUM 
MAGNESIUM 
M A N G A N E S E  
MERCURY 
MOLYBDENUM 
NICKEL 
P O T S S I  UM 
SELENIUM 
SILICON 
SODIUM 
STRONTIUM 
THALLIUM 
TIN 
VANADIUM 
ZINC 

KAR 
MR 
MR 
MA 
M R  
KAR 
FAR 
KAR 
KAR 
KAR 
MR 
M R  
MR 
KAR 
KAR 
KAR 
FAR 
MR 
MR 
KAR 
K A R  
KAR 
MR 
KAR 
KAR 

37 
35 
55 
36 
31 
35 
36 
56 
37 
36 
37 
37 
37 
57 
36 
15 
31 
36 
20 
31 
31 
36 
37 
56 
56 

D1.89 
J1.U 
54.29 
W.11 
1oO.CU 
Z.11 
3a.U 
61.11 
w.!% 
61.11 

' 36.49 

94.59 
W.4Q 
27.03 
1 7 2  

34.29 
m.19 
53.23 
100.00 
103.00 
97.30 
27.18 
29.73 
69.44 

87.22 

1,791 .I? 
15.62 
276 

113.95 
56.2azu 

131.59 
5.25 
11.99 

2259.92 
3.K 
40.69 

6.679.48 
61.87 
0.13 
1 8 . 9  
8.70 

2BL6.33 
1.19 

D.421.50 
13.228.38 

599.78 
1.40 

27.46 
10.43 
5 2 4 5  

2m.u 
10.40 
2c2 
51.97 

a*aa 1.47 
115.16 
4.61 
21.82 

3.697.U 
4.29 

5.030.81 
125.21 
0. a5 
53.45 
7 2 5  

1,725.69 
0.63 

6.631.12 
1 S , U 4 . J J  

312.58 
1.50 

31.18 
11.26 
51.31 

/ 

10.W7.17 
s3.m 
9.51 

2b6.27 
115.l30.79 

715.62 
X I S  
b4.s 

14.432.11 
18.06 
137.26 

23.268.40 
474.75 
0.28 

129.48 
3289 

8 , S b . n  
3 2 7  

34.fxu.00 
W 4 2 2 - 1 6  

1,430.50 
6.36 

130.28 
47.75 

222.56 

UGA 
UWL 
U G R  
U G R  
U W L  
UG/L 
U M  
U 5 A  
UWL 
UGA 
UWL 
UGR 
UGlL 
L'GA 
U G R  
UGA 
UGA 
U G A  
U G A  
UGlL 
UG/L 
UGlL 
UG/L 
UGA 
UGIL 
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j Table C-3. Groundn?ater UTLs by geologic unit for dissolved radionuclides. 

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 
GROUNDWATER, DISSOLVED RADIONUCUDES 

AMLYTE 

CESIUM-137 
GROSS ALPHA 
ORCIS BETA 
RPSIUM-226 
R4DtuM-228 
STRONTlUMb9.90 
lRrrIUM 
UFUNIUM-233.2% 
URANIUM.235 
u Rv( IU M22d 

CESIUM-137 
G R O S S  ALPHA 
GROSS BETA 
R A D I U M Z S  
R*DIUM-228 
STROKTIUM-88.90 
TRmUM 
UWIUM233.234 

' UR4NIUM.235 
URANIUM-238 

CESIUM-137 
G R O S S  ALPHA 
GROSS BETA 

STRONTIUM89.W 
?RlTIUM 
URANIUM-233,234 
UCV\HIUM-255 
UFUNIUM-238 . 

R4DIUM-226 

CESIUM-137 
GROSS ALPHA 
CROSS BETA 

STRONTIUMd9.90 
TRITIUM 
UWNIUM-233.234 
URA.IUM-2SS 
URANIUM-22-9 

R 4 D I U M Z 2 S  

lEOLOGlC S q r C P E  
UNlT 'SIZE. N 

CDL 2 
COL 50 
COL 27 
COL 15 
COL 23 
COL , 31 
COL 30 
COL 50 
COL 24 

PERCENT 
DmCTS 

lw.w 
1w.w 
lw.w 
100.00 
1qJ.w 
100.00 
1w.w 
103.00 
1 mm 

MEAN 

0 . x  , 

41.31 
17.51 
0.21 
0.25 

76.12 
31.82 
0.65 
26.70 

STANDARD 
D-VUTION UTL 99 I99 

0.42 71.73 
78.79 3 l U K i  
29.87 123.04 
0.10 0.64 
024 1.13 

1oP.42 450.4-3 
56.44 p6.u 
1.39 5.53 

4213 18O.a) 

UNITS 

p C i  
P W  

p c i n  
P W  
PCiA 
P C i n  
p r j n  
pciJL 

P W ,  

RFA 13 lcQ.00 027 029 1.48 pCi/L 
RFA e2 100.00 0 . S  0.W 3.02 PCVL 
RFA 76 '100.00 1.66 1.52 6.28 P U R  

RFA 2 103.00 ZM 0.42 8. .95 pein 
RFA 81 153.00 0.27 0.23 0.98 p a n  

RFA 7'; 100.00 023 0.21 I 0.m pCUL 
RFA 78 100.00 0.03 0.07 0.23 p c i n  

RFA 2 100.03 0.17 0.0) 7.01 pCiA 

841.20 pCiA RFA €3 1w.00 la3.03 223.01 

RFA 69 100.00 0.14 0.14 0.56 pCiA 

VFA 17 100.00 0.58 0.71 3.43 pCiA 
VFA 60 1oo.w 293 3.17 12.94 pCi/L 
VFA 55 103.CO 3.23 1.69 8.34 pCi/L 
VFA 13 100.03 0.31 r 0.11 0.81 PCYL 
VFA 4 103.W 2tB 0.62 9.76 pCilL 
VFA 59 100.03 0.49 0.38 1.68 pCi/L 
VFX 42 100.00 115.cn 1 3 7 . U  549.26 pCi/L 
VFA 60 103.03 2.05 2 . 7  10.80 PCi/L 
VFA 60 103.03 0.08 0.12 0.47 pCi/L 
VFA 49 100.W 1.66 2.30 8.92 pCi/L 

wcs 
wcs 
wcs 
WCS 
WCS 
y. -3 
WCS 
WCS 
WCS 

4 
41 
38 
6 

17 
29 
39 
39 
J5 

100.00 
100.00 
103.00 
100.00 
100.03 
103.00 
100.03 
100.03 
1w.w 

0.32 
7.70 
4.85 
0.32 
0.24 

-3.42 
8.59 
0.m 
3 , s  

0.23 
5.9s 
3.22 
0.M 
0.24 

118.54 
21.M 
0.51 
3.19 

2.86 
26.47 
15.41 
0.78 
1.21 

388.30 
77.55 
1.88 

14.17 

pCilL 
pCi/L 
p C i L  
p c i n  
pCi/L 
pCi/L 
pCiA 
pCifL 
pCiA 

KAR 1 100.00 0.22 0.30 3.92 pCiA 
KAR 60 100.00 3.13 6.24 Z . 8 1  PCVL 
Mil 5( 1CO.00 3.23 2.84 12.19 Dci/L 

551.75 Dci/L KAR 2 100.03 1.72 1.78 
KAR 42 100.00 0.17 1.19 4.21 pCiA 
KAR A9 103.03 56.88 135.W 185.77 pCilL 
KAR 57 103.0 1.64 2 . e ~  lo.w pCiiL 
KAR 57 103.00 0.03 0.06 0.23 pCi/L 
KAR 54 1CO.00 0.77 1.55 5.58 p C i L  

si - - 
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Table C-4. Groundwater UTLs by geologic unit for rota1 radionc-iides. 

I UPPER T O L E W C E  LIMITS BY GEOLOGIC UNlT 
GROUNDWATER, TOTAL MDIONU CLI D ES 

A N A L Y E  

AMERICIUM241 
CESIUh4-137 
~ a c s s w w  
GROSS BETA 
PLmONIUM-2s9.240 
s iRomukcB9,9o 

. URANIUkC233.234 
m m u M  

UWIUM2C?S 
UFWNIUt.4-238 

AMERICIUM.~SI 
CESIUM137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-238 
PLUTONIUM-239,240 
SmONrIuM-39,90 
TXr lUM 
URANIUM-2a.234 
URANIUM-235 
U3ANIUM-238 

AMEillCIUM-241 
CESIUM-137 
GROSS ALPHA 
GROSS BFTA 
PLLTONIUM-238 
PLUTONIUM-239.240 
StFIOKilUM-89,90 
Ti3tlIUM 
URANIUM-233.234 
URANIUM2U 
URANIUM-235 

i 3EOLOGIC SAMPLE PERCENT STANDARD . 
UNIT S1ZE.N DETrCTS MEAN DNlATlON Vn 9 9 / 9 9  UNITS 

COL 25 1 03.03 0.00 0.03 0.01 pcv- 
COL 23 , 103.00 0.18 0.35 1.49 

COL 6 100.00 81.55 85.25 706.79 pCi/L : 
COL 26 103.03 0.01 0.01 0.04 p c i n  
COL 7 103.03 0.26 0.1 1 0.95 pCiA ! 

p"". i COL 6 103.00 159.35 142.75 1,197.34 pCdL I 

i 

C3L 17 103.00 231.15 16'3.29 981.52 p m  :: 
COL 8 103.00 58.74 66.83 446.99 pciF- 
C3L a 103.00 2.14 2.39 16.03 PCi/L 
COL 6 103.03 36.04 46.48 376.92 pC.A 

R i k  
RFA 
RFA 
EFA 
RFA 
RFA 
RFA 
REA 
RFA 
R i A  
Rik 

82 
75 
5 
5 
7 

55 
13 
21 
12 
12 
11 

1 03.03 
103.03 
103.03 
103.03 
1 03.03 
103.03 
1 m.03 
103.00 
103.03 
103.03 
103.03 

0.01 
0.08 
1.59 
2.25 
0.03 
0.00 
0.1 1 

P5.72 

0.12 
0.40 

0.48,- 

0.01 
0.33 
1.28 
1.48 
0.00 
0.00 
0.21 

337.1 8 
0.45 
0.23 
0.50 

0.03 p C i'L 
1.09 p c i n  

13.30 pcv- 
15.45 pCVL 
0.01 pCi.4. 
0.01 p C i L  
1 .oi pCilL 

1.386.83 pCi/L 
2.55 pCi.'L 
1 .P5 pCi!L 
2.03 DCi/L 

V F k  
VFA 
VFA 
VFA 
E A  
VFA 
M A  
VFA 
VFA 
VFA 
VFA 

55 
L4 

7 
7 
6 

62 
8 

27 7 

7 
2 

103.03 
1 03.03 
103.03 
103.00 
100.03 
103.00 
103.03 
103.03 
100.03 
103.03 
103.03 

0.01 
0.10 
3.56 
4.54 
0.01 
0.01 
0.43 

142.96 
1.58 
0.1 0 
1.23 

0.01 
0.33 
2.05 
2.53 
0.31 
0.04 
0.37 

183.37 
1 .w 
0.1 0 
1.23 

0.c5 
1.05 

16.84 
22.55 
0.09 
0.12 
2.55 

7 9 . s 7  
8.01 
0.75 

223.:a 

pCi/L 
pCi!L 
p,Zi?i 
pci'l. 
pCi:L 
pCilL 
pci'r, 
pCi,'L 
pCi/L 
pCilC 
pCi/L 
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,j Table C-4 (cont'). 

UPPER TOLERANCE LIMITS BY GEOLOGIC UNJT 
GROUNDWATEF, TOTAL RADIONUCLIDES (COW')  

ANALYE 

WERbXM-241 
CESIUM-137 
0RossALpM 
GROSS BETA 
PLUTONIUIrC239.240 
WIUM-226 
m o m u M e 9 , 9 0  

URANIUM-233234 
l JWIUM-2S 
UWlUM238 

mmuM 

AMEillCIUM.241 
CESIUM137 
GROSS ALPHA 

PLflONlUM-238 
PLUTONIUM-239.240 
RADIUM-226 
S T R 0 N l l U W . W  
T a r r l U M  
UWNIUM-2?3.2% 
UiMNIUM-225 
Uitr\NIUM-238 

Gaoss BETA 

.. 
jEOLOGlC SAMPLE PERCENT STANDARD 

UNIT SKEN DETECTS MEAN DEVLATION Lm 99/99 UNKS 

WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
wcs 
WCS 
WCS 
WCS 
WGS 

20 
14 
5 
5 

21 
4 
4 

19 
8 

8 
3 

103.03 
103.w 
103.03 
1 m.00 
103.03 
103.03 
103.03 
103.03 
103.03 , 

103.00 
103.00 

0.0 1 
028 
12.65 
827 
0.00 
0.36 
0.05 

2,128.76 
7.40 
028  
5.1 1 

0.01 
0.36 
12.46 
5.1 1 
0.00 
0.1 5 
0.26 

8,037.88 
6.30 
0.25 
4.96 

0.07 p c i 5  
1 .BE; pCi/L 

124.04 pcrL 
53.95 P W  
0.02 pC'A 
2.1 0 pc i5  
3 2 5  pCiA 

36.918.91 p w  
44.13 P W  
1.81 P W  

123.65 pCA 

43 103.03 
39 1 03.00 

' 6  103.03 
6 103.03 
5 103.03 

48 1 03.03 
3 103.03 
4 103.03 

16 100.03 
4 103.03 
4 103.03 
2 1 co.00 

0.01 
0.03 
11.08 
12.01 
0.01 
0.03 
0.59 
0.1 0 
62.93 
0.77 
0.03 
0.35 

0.02 
0.29 
1 6 . a  
13.45 
0.01 
0.01 
0.45 
0.26 

357.23 
0.57 
0.02 
0.26 

0.07 
0.95 

153.08 
11 0.67 
0.1 4 
0.c2 
11.33 
3.34 

1,577.10 
7.79 
0.27 
46.13 

p c x  
pcirl 
pCiL 
P W  
P W  
pein 
pCi.7 
pCiP- 
pCi/L 
pCi/L 
pCiL 
pCi/C 

c-13 



PPER TOLERANCE LIMITS BY GEOLOGIC UNIT i II 

~ICARBONATE 
SHLORlDE 
FLU 0 RID E 
NTFLATE/Nl-Flm 
NlTRtlZ 
ORTHOPHOSPHATE 
PHOSPHORUS 
SlUCA 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOLIDS 

BICARBONATE 
CHLORIDE 
CYANIDE 
FLUORIDE 
NTiFVITdNITRE 
N F R m  
ORTHOPHOSPHATE 
PHOSPHORUS 
SlUCA 
SULFATE 
TOTAL DISSOLVED SouDs 
TOTAL SUSPENDED SOUD 

RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 

114 
‘ 6 5  
108 
115 
23 
01 
22 

105 
10.3 

115 
111 

1 00.60 
91.58 
96.3Q 
97.39 
43.4 
56.79 
60.10 
1 60.60 
99.03 
160.00 
66.49 

114.059.08 
8,707.47 
306.39 

1,440.26 
33.13 
14.44 
44.27 

15.873.61 
22,384.57 
109,017.39 
102,684.60 

56,766.07 
13,530.26 

765.26 
53.44 
12.92 
49.43 

0.274.40 
19,440.47 
94,386.99 

334.207.01 

90.85 

247.125.- 
40,251.63 

510.05 
3,231.31 

229.07 
53.73 

220.50 
35,152.97 
67,630.75 
4C9.730.67 
9si .3a7.c2 

UGA 
UGA 
UGlL 
UGA 
UGA 
U G L  
UGA 

UGA 
UGA 
UGlL 

UGiL 

VFA 
VFA 
VFA 
VFA 
M A  
VFA 
VFh 
VFA 
VFA 
VFA 
VFA 
VFA 

70 
67 
21 
75 
7 2  

54 
15 
76 
69 
76 
72 

12 

100.00 
97.01 

97.37 
65.20 
25.60 
55.55 
46.67 
103.03 
103.03 
lw.w 
88.09 

28.57 

242,462.09 
16,051.1 9 

9.39 
535.27 
202.08 
19.17 
17.02 
44.67 

15.1 64.53 
54,486.95 

334,744.54 
90.727.64 

1 16.731.17 
12,727.88 

5.70 
106.31 
257.20 
15.05 
27. W 
42.49 

0.599.53 
74,995.26 
167,754.49 
141 -259.37 

597,441 .Sf 
%,766.69 

33.92 
1.071.62 
&.A6 
00 .% 
103.13 
i r4 .10 

41 .j 1 5.99 
202,547.55 
W,6a5.% 
523.297.33 

UGlL 
UGIL 
UGA 
UGlL 
U.’.A 
UGlL 
UGA 
UGA 
UGlL 
UGA 
UGA 
UGA 
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I Table C-5 (cont'). 

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 
I SROUNDWATER, WATER-QUALITY PARAMETERS (CONT') 

4NALYl-E 

B I c A a B O M ~  
CHLORIDE 
CXANIDE 
FLUORIDE 
NmUTFRJIlTiT 
NiTRE 
ORlHOPHOSPHATE 
PHOSPHORUS 
SlUC4 
SULFA; E 
TOTAL DISSOLVED SOLIDS 
TOTAl SUSPENDED SOUD! 

jEOLOGlC SAMPLE PERCENT STANDARD 
UNi? SIZE, N DETECTS MEAN DNVITlON 

wcs 67 
WCS 53 
WCS 7 
WCS 65 
WCS 62 
WCS 1 1  
wcs 29 
WCS 9 
wc 5 49 
WCS 58 
WCS 67 
wcs 66 

103.03 
83.02 
28.57 I 

88.46 
07.10 
63.64 
44.83 
66.67 
100.W 
1oO.W 
100.03 
69.70 

255,472.07 
9,094.34 
10.00 

893.69 
71 5.40 
20.82 
14.48 
20.09 

10,404.44 
131,008.62 
405.94Q.x) 
107,939.39 

134,489.69 

7.07 
595.09 
1,067.1 5 
27.52 
11.52 
31.30 

6,489.24 
241,197.17 
375,073.93 
787,142.93 

1 1  z30.6i 
664,456.c2 
44,526.93 
55.34 

2,703.37 
3,950.61 
161.71 
9 .50  

3OS670.40 
891,985.69 
1,548.972.91 
2.581,Ml .os 

187.58 

KAR 

KAR 

W\R 
KAR 
KAR 

KAR 

KAa 

u a  

ma 

Kxa 
Kxa 

Kxa 
W \ R  

W \ R  

3 
93 
92 
79 
92 
90 
16 
5: 
14 
83 
82 
94 
5 

50 

103.03 
100.03 
28.26 
96.3 
97.83 
70.89 
56.25 
61.1 1 
64.29 
105.03 
95.12 
103.03 
80.09 
77.27 

335,166.67 
233,546.17 
3,310.n 
100.205.95 

s9.35 
861.22 
190.62 
1 8 . 5 6 ~  
173.57 
0.077.25 
123,943.93 
545.135.30 

403.085.23 
3ia.240.00 

1m3,234.46 
102.980.99 
4,245.24 
128.066.02 

465.34 
945.96 
295.1 9 
10.16 
264.99 
5,8QP.92 

253,072.1 0 
445.290.59 
356.657.90 
727.5i72.00 

4,13.: ,059.M 
473.491.87 
13,210.17 
489 654.73 
2.033.58 
3,73727 
1,407.70 

50.52 
1222.09 

25.752.17 
686,845.05 
1,562.6565.30 
3.523.41 4.55 
2,616,850.51 

UGlL 
UGA 
UG/L 
UGA 
UG/L 
UGlL 
UGIL 
UGlL 
UGlL 
UGlL 
UGlL 
U G L  
UGA 
UGlL 

AUVVlNrrY AS CAcO3 
BICmB0NAl-E 
C4RBOMTE 
CHLORIDE 
FLUORIDE 
r n T d N r n i ? E  
Nmm 
O m O P H O S P ~ T E  
PHOSPHORUS 
SlUCA 
SULFATE 
TOTAL DISSOLVED SOUDS 
TOTAL SOLIDS 
TOTAL S U S E N D E D  SOUD 
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Table C-6. Groundwater u?zs by flow-system for dissolved metals. 

UPPER TOLERANCE LIMrrS BY T-LOW-SYSTEM 
SROUNDWATER, DISSOLVED METALS 

4NALYTE 

ALUMINUM 
AFFIIMONY , 

MlSENIC 
BARIUM 
CADMIUM 
W C l U M  
CESIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
UAdGANESE 
MOLYBDENUM 
NICKEL 
PHOSPHORUS 
POTASSIUM 
SELEHIUM 
SILVER 
SODIUM 
STXONTIUM 
T W U M  

VANADIUM 
ZINC 

n N  

ALUMINUM 
ANTJMONY 
EARIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COPPER 
CYAN ID E 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
PHOSPHORUS 
WTASSIUM 
SELENIUM 
SILVER 
SODIUM 
STRONTIUM 
TKILUUM 
TIN 
VANADIUM 
ZINC 

FLOW- SAMPLE PERCENT STAN OARD 
SYSTEM. SUE. N DETECTS . MEAN DWLATJON P 9 l W  LJTL UNITS 

LOWER 65 
LOWER 63 
L W E R  J9 
LOWER M 
LOWER 62 
LCWER 67 
LCMER 54 
L W E R  a5 
L M R  65 
L W R  67 
L M R  b( 

LOWER 66 
LOWER 67 
LOWER 67 
L M R  €4 

LOWER 65 
L W R  4 

LOWER 67 
LOWER 54 
LOWER 59 
LOWER 67 
LOWER 66 
LOWER 56 
i w a  65 
LOWER 65 
LOWER 67 

7L79 
u.u 
49.15 
M.36 
2258 
103.03 
29.65 
26.15 
27.69 
79.10 
x1.31 
81.82 
97.01 
71.M 
55.13 
23.08 
100.00 
89.55 
x.cs 
28.8 1 
103.03 
1 w . w  
21.43 
4.03 
56.92 
83.58 

48.8 1 
15.50 
2 4  1 

M.18 ' 

1.76 
54.555.82 

160.88 
3.97 
4.17 

55.67 
1 .w 
38.54 

6.072 1 6 
9.29 
16.M 
5.81 

174.75 
2731.18 

1.34 
2.69 

142.01 2.69 
583.02 

1.72 
23.07 
6.71 
10.96 

44.02 
9.17 
1.70 

21.79 
1.33 

P.55279 
179.94 
3.15 
3.83 
35.32 
5.27 

27.81 
4'067.56 

7.24 
27.01 
6 .X 
85.65 

1.6 1239 
1.09 
2 0 1  

135,521.56 
m . 2 7  

1.87 
25.33 
7.60 

1G.X) 

182.67 
43.37 
7.77 
153.u 
5.80 

106.159.84 
728.59 
13.55 
15.62 

141.06 
17.83 

lT".21 
18.441.63 

31.31 
99.03 
24.86 

1.255.68 
7.654.46 

4.78 
9.M 

54.133.75 
1.277.93 

7.62 
1cQ.01 
29.81 
41.W 

UGiL 
UGA 
UGK 
UGA 
U G A  
UGA 
UGA 
UGA 
UGiL 
UGA 
UGA 
UGA 
UGA 
UGA 
UGA 
UGlL 
UGA 
U G/L 
UGlL 
UGA 
UGR 
UGA 

UGlL 
UGiL 
U G L  

u G n  

w w a  
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPF'.a 
UPPER 
UPPER 
UPPER 

UPPER 
UPPER 

uwEa 
u m a  
UPPER 
UPPER 

2 G  

256 
240  

21 1 
253 
2 4  

3 
255 
25 1 
2 -XI 
253 
255 
24 1 
236 

8 
252 
219 
255 
2% 
252 
z i 2  
235 
249 
256 

248 

z n  

77.64 
48.39 
85.59 
2208 
103.00 
2 1 . x  
56.00 
39.11 
U3.U 
76.47 
23.90 
75<T 
Q5.U 
65.78 
31.- 
2.53 
103.03 

81.75 
31.35 
29.51 
99.21 
92.85 
z . ; 7  
42.98 
M.66 
03.47 

59.52 
1 7 . 3  
83.42 
1.73 

55.41 4.55 
202.20 

4.M 
5.01 
5.83 
56.26 
1.59 

33.95 
10.Q38.28 

27.47 
19.64 
7.01 

167.00 
1,371.3 

5.58 
2.04 

22.0.12.98 
323.60 

1.W 
33.95 
7.92 
1 c . 0 3  

87.29 
11.10 
34.56 
1.2s 

32.m.11 

3.60 
4.42 
3.82 

113.44 
4.71 
54.30 

8.309.40 
67.43 
53.81 
7.18 

52.43 
1,059.01 

19.07 
2.12 

U.667.67 
303.58 

l . W  
37.54 
8.73 
17.87 

2e5.63 

262.91 
A3.M 
153.54 
4.66 

131 28e.91 
867.87 
13.69 
15.32 
D 7 . N  

320.57 
12.57 

160.47 
29.399.19 

104.57 
w.73 
23.73 
411.74 

3.86220 
53.02 
7.79 

1 33.75.5.6 5 
1.030.95 

5.44 
117.M 
2 E . X  
55.56 

UGA 
UGA 
UG,L 
UGR 
UGIL 
UGiL 
UGlL 
UGiL 
UGiL 
UG!L 
UGlL 
U G 
UG:L 
UGA 
UGIL 
UGi'L 
UGL 
UGiL 
UGiL 
UZIL 
USIL 
UGiL 
UGP- 
UG/C 
U G i I  
L'GA 
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I Table C-7. Groundwater UTLs by flow-system for rota1 metals. 

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM 
GROUNDWATER. TOTAL METALS 

ALUMINUM , 

ANTI!4ONY - 
ARS' YIC 
W U M  
CUClUM 
CESIUM 
CHROMIUM 
COPPER 
JROH 
LEAD 
LlTHlUM 
UAONESIUM 
W G A N E S E  
WERCURl 
UOLYBDENUM 
NICKEL 
W T A S I U M  
S E LE H I U M 
SILICON 
SODIUM 
SiilONTlUM 
W U I U M  
TIN 
VAMADIUM 
ZlNC 

ACUMIHUM 
AhTMONY . 
ARSENIC 
04RIUM 
t4LCIUM 
CESIUM 
CHROMIUM 
COPPER 
KION 
LEA0 
LITHIUM 
MAGNESIUM 
UANGANESE 
MERCURY 
UOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SlLlCOH 
SODIUM 
STROHTlUM 
W U M  
nN 
VANADIUM 
2 N C  

F L W -  ' SAMPLE PERCENT STANDARD 
SYSTEM SIZE, N DETECTS MEAH DEVLATION . X I 9 9  UTL UNITS 

L M R  
LOWER 
LOWER 
L W E R  
L O W E R  
LOWER 
LOWER 
LOWER 
L W E R  
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 

LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 

LoWEa 

37 
35 
35 
36 
37 
35 
33 
36 
37 
36 
37 
37 
37 
37 
36 
35 
37 
24 
20 
37 
37 
36 
37 
36 
36 

91.119 
31.43 
54.29 

lw.m 
25.7 1 
3s.m 
81.11 
w.53 
61.11 
b5.49 
w.59 
86.40 
27.m 
4 7 z  
3.29 
M.19 

33.33 
103.00 
100.00 
97.24 

29.73 
59.U 
87.Z 

m.11 

n.7a 

1.791.87 
15.62 
2 7 6  

113.95 
X3aZU 

131.59 
5 2 5  
11.w 

2239.92 
3.32 
40.69 

8.679.48 
61.17 
0.13 

18.59 
8.70 

2.b16.38 
1.1D 

9,427.50 
139.228.24 

399.78 
1.40 

27.46 
10.43 
52.45 c 

2n3.43 
10.40 
2.m 

31.97 
23,881.47 

175.15 
4.11 

21.32 
3.UW.U 

4.29 
19.29 

5.030.81 
125.21 
0.05 

53.45 
7 2 5  

1.725.69 
0.63 

6,531.12 
134,43423 

312.58 
1.50 

31.18 
11.26 
51.31 

10,637.17 
2il.28 
9.51 

286.27 

715.62 
M.54 
8.4.34 

14.432.1 1 
78.06 

137.26 
23.258.40 

474.75 
0.28 

129.46 
32.89 

8.5J6.TI 
3.27 

34.bJ5.03 
582.422.16 

1 . U O . M  

115,130.79 

6.36 

47.75 
222.56 

133.2a 

UGK 
UGIL 
UGA 
UWL 
UGA 
UGA 
UG/L 
U G I  
UGA 
UGA 
UGA 
UGA 
U G n  
UGA 
UGA 
U G,T.. 

UGA 
U GA 
UGA 
UGlL 
UGA 
UGA 
UGA 
UGA 
UGIL 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

UPPER 
UPPEFI 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

UPPER 

UPPER 

147 
141 
138 
148 
149 
142 
143 
148 
147 
140 
149 
149 
148 
148 
1% 
145 
153 
1 U  

2 
149 
14.6 
l A 6  

149 
118 
149  

95.24 
38.50 
28.25 
81.76 

100.03 
24.65 
47.55 
74.32 
97.96 
69.29 
78.52 
97.12 
a936 
20.27 
34.03 
37.24 
n.33 
30.55 

103.03 
98.66 
89.01 
23.97 
34.90 
7i.m 
91.95 

2.742.80 
19.19 
1.95 

102.44 
55,030.23 

154.42 
7.01 

10.67 
3.017.34 

3.2% 
3 .75  

,79.59 
0.12 

24.09 
10.58 

1.73 1.21 
4.57 

10.315.M 

15.W.97 
50,061.85 

312.61 
1.67 

3.M 
13.81 
37.16 

4.248.73 
i 2 . e ~  
1.71 

45.37 

198.79 
6.68 

1221  
4.894.53 

3 . M  
4-3.76 

7.956.u 

31.w7.7a 

108.18 
0.04 

39.47 
9.49 

1.1 76.59 
18.64 

10.797.33 
4Q.o 18.7 1 

271.W 
1.76 
3.33 
14.W 
49.03 

12.M2.33 
49.14 
5.93 

208.14 
129.8 16.15 

617.60 
22.53 
39.12 

14.654.54 
11.75 

147.37 

33:.c( 
0.22 

116.04 

Jz.59 
4 , 4 2 5 5  

47.w 

2a.8s.11 

cS.33S.65 
123.327.78 

9 4 . 2 5  
5 . 7  

l l€.X 
46.64 

1 3 . 2 1  

UGlL 
UGA 
UGA 
UGA 
UG!L 
'JGA 
UGA 
UGA 
UGIL 
UGlL 
UGIL 
UGA 
UGIL 
U G'L 
UGlC 
UGIL 
UGA 
UGlL 
UGic 
UGlL 
U GI 
UGIL 
U31L 
UG!L 
UGIL 
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Table C-8. Groundwater UTLS by flow-system for dissolved radionuclides. 

'i 
.\: 

UPPER TOLEWYCE LIMlTs BY FLOW-SYSTEM 
SROUNDWATER. DISSOLVED WDIONUCUDES 

ANALWE 

CESlUhL137 
GROSS ALPHA 
OROSS BETA 
W U U - 2 2 6  
s m k M 0 , w  
TRmUM . 

U R W l U U W  
UFUNIUM-2s 

U F M l U M 2 J J j M  

AMERlCIUM241 
CESIUU-137 
O R N  ALPHA 
GROSS B R A  
WDIUKP6 
FUDIUM-Za 
s l 7 ? o m u w , ~  

URWIUU-233.234 
URWIUM-235 
UR4NIUh+238 

mrnw 

F L W -  SAMPLE PERCENT STANDARD 
SYSTEM S 1 E . N  D€TECTS MEAN DEMATION Im 99/99 U N r S  

LONER 
LOWER 
L M R  
LOWER 
LOWER 
L W E R  
LOWER 
l M R  
L W E R  

4 
60 
54 
2 

42 
49 
57 
51 
n 

10.00 
100.w 
103.00 
1 w . m  
lW.00 
100.00 
103.00 
1 w . w  
100.00 

0.22 
3.13 
3.23 
1.72 
0.47 
5s.m 
1.64 
0.03 
0.77 

0.30 
6.24 
2M 
1.78 
1.1D 

1JJ.W 
265 
0.m - 

1.53 

3.4 
2- bl 
12.19 

331.75 
4.21 

48J.n 
10.63 
0.23 
5.58 

pCiA 
p c i n  
PC2L 
p u n .  
pCVL 
pcin 
pCiA 
p c a  
P W  

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

2 
&¶ 

213 
1W 
36 
6 

109 
16.5 
207 
207 
I n  

100.00 
100.00 
100.w 
lW.00 
100.00 
100.w 
103.00 
100.co 
100.w 
100.00 
103.03 

0.01 
0.42 
8.35 
4.w 
026 
2 1 2  
0.3 

101.70 
'6.91 
0.20 
4.83 

0.01 
0.24 
a32 
1Z23 
0.11 
0.52 
0.31 

180.30 
25.44 
0.64 
17.67 

2 1 1  
2 1 4  
0J.M 
37.25 
0. 63 
5.94 
1.05 

57B.TU 
74.22 
12.8 

51.60 I 

PCJL 
P W  
P W  
PWL 
p t i  
P W L  

pcin 
p c i n  
PWI. 
pCiL 

Table C-9. Groundwater UTLs by flow-system for total radionuclides. 

G3C ' i N D V J A E  A 
TOTAL RADIONUC!.IDE - 

ANALME 

AMERICIUM-241 
CESIUM-137 
GROSS ALPHA 
GROSS BETA 
PLurOHIUM.238 
PLUTONIUM-239.210 
Rr91UM-i26 
STRONTlUM-69.90 

URANIUM-233.234 
URANIUM-235 
umluM-23a 

mmuu 

AMERICIUM-241 
CESIUM-137 
GROSS ALPHA 
G R O S S  BETA 
PLUTONIUM.238 
PLUlONIUM.239.240 
fWDIUM.P6 
S M I U M 8 9 . W  
TRmW 
VR*NIUM.Z33.234 
URANIUM-235 
URANIUM-238 

c 
STANDARD FLOW. SAMPLE PERCENT 

SYSTEM SIZE. N DETECTS MEAN DEVIATION UTL 99/99 

LOWER 
L W E R  
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 

U 
39 
6 
6 
5 

4.a 
3 
4 

16 
4 
4 

2 

100.w 
100.00 
100.00 
lw.w 
1w.00 
103.03 
lw.w 
100.00 
103.00 
100.03 
lw.w 
1w.00 

0.01 
0.00 
11.08 
12.01 
0.01 
0.03 
0.59 
0.10 
6293 
0.77 
0.03 
0.35 

0.02 
0.29 
16.63 
13.45 
0.01 
0.01 
0.45 
0.26 

367.23 
0.57 
0.02 
0.26 

0.07 
0.96 
133.08 
110.67 
0.14 
0.02 
11.55 
3.31 

1.5i7.10 
7.79 
0.27 

48.13 

pCi/L 
pCiA 
pCilL 
pCilL 
pt?L 
pCi1L 
pCiA 
pCilL 
pC2L 
pCilL 
pCiiL 
pCiiL 

UPPER l e d  
UPPER 1% 
UPPER 23 
UPPER 23 
UPPER 15 
UPPER IC4 
UPPER 6 
UPPER 32 
UPPER 04 
UPPER 35 
UPPER 3 
UPPER 22 

103.00 0.01 
103.03 0.12 
103.w u.50 
1 w . w  24.95 
lw.w 0.03 
103.03 0.03 
1 w . m  0.36 
100.03 C . 2  
lw.w 624.85 
100.00 15.62 
1w.03 0.62 
lw.w 10.M 

0.01 
0.33 
W.28 
u.24 
0.01 
0.02 
0.13 
0.28 

36.75 
1.38 

27.73 

4.246.75 1 

0.c3 pCilL 
1 . 0  pCi;L 
393.9 pCi1L 
221.31 pCiL 
0.03 pCilL 
0.06 pWL 

1.29 pCi.2 
1.15 pCi:L 

IJ .sJ9 .P p C i L  
144 .83  pCi/L 
5.23 PCliL 

111.17 2tiiL 
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I .  I Table C-10. Groundulater UTLs by flow-system for uoater-quality p2imete;s.  

UPPER TOLERANCE LIMITS BY FLOW-SYSTEM 

STANDMKI F L W .  ..-.SAMPLE PERCENT 
ANALYTE SYSTEM SIZE. N O€TECTS HEAN DMATION 99/88 UTL UNITS 

ALKAUNTTY AS CACOj 
BIC4RBONATE '' ' 

CARBONATE 
CHLORIDE 
FLUORIDE 
HmTVNmm 
Hmm 
ORIHOPHOSPKATE 
PHOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SOLIDS 
TOTAL SUSPENOEO SOLIDS 

L W E R  
L M R  
LOWER 
LOWER 
LOWER 
LOWER 
LOWER 
L M R  
LOWER 
LOWER 
LOWER 
LOWEE 
LOWER 
L M R  

3 
93 
92 
70 
oz 

16 
54 
14 
8.3 
82 
94 
5 

88 

w 

1 m.OO 
1m.00 
28.26 
D6.20 
97.63 
78.89 
55.25 
61.11 
64.29 
100.00 
95.12 
100.00 
80.03 
nlr 

xIs.lb6.67 
233.5L6.17 

.1Do.m.95 
94Q.X 
661.22 
1W.E 
lQ.46 
173.57 

a.0n.z 
123.pu.W 
U5.1Jo.30 
318.2ro.00 
a,Ot !J23 

3.318.n 

1 m.m.46 
io2,DBo.m 
4.245.24 
128.066.02 
a.34 

295.1Q 
10.16 
264.99 

5,BoB.n 
250.1'1210 
415.290.59 
356.6557.98 
727.Q72BO 

w . m  

4,134.059.44 
473.4Q1.87 
1 3.2 10.1 7 

u19.654.73 
L(uJ.58 
3,737.87 
1,407.70 

56.52 
1 , f p Q Q  
25.74217 
836.045.95 

1.562.&35.58 
3.506.414.55 
2.61 6.e53.5 i 

UGA 
UGA 
UGA 
U G n  
UWL 
U W L  
U W L  
UCR 
UGA 
U G n  
UGA. 
UGI 
UGA 
UGA 

A L W N K Y A S  CACO3 
BICARBONATE 
CHLORIOE 
FLUORIOE 
NlTR4rVNlTAll-E 
NTRTE 
OXTHOPHOSPHATE 
PH 
PHOSPHORUS 
SILICA 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SOLIDS 
TOTAL SUSPENDED SOLIDS 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

UPPER 

UPPER 
UPPER 
UPPER 
UPPER 
UPPER 

UPPER 

u m a  

3 
311 
251 
3a3 
303 
54 
101 

3 
56 
27 4 
270 
310 
1 

301 

103.00 
103.00 
92.61 
Sy.67 
61.64 
37.04 
53.40 
103.03 
57.11 
100.00 
99.M 
1m.w 
75.00 
80.07 

155.Bc13.00 
23.80:.08 
1224 1 57 
611.07 
1.040.54 
27.94 
15.05 
7.17 
39.45 

14.082.92 
05.370.14 

1 5 5 . 4 D S . U  
24,025.00 
133.395.M 

158.64.3.41 
151.717.xl 
12.D30.51 
47204 
1.BO7.06 
58.25 
17.47 
0.46 

41.60 
8.075.96 
174.613.95 
31 2,010.29 

429.323.86 
x.m.9a 

3.0(7.n3,53 
577,309.04 
42.369.76 
1 .71 0.Q2 
3.263.65 
ll8:61 
55.76 
18.20 

170.70 
32.699.91 
493.223.67 
l.oB2.479.4 1 
479.752.99 
1.133.721.25 

UWL 
U W L  
UGR 
U G A  
UGA 
UGi'L 
UGI'L 
UG!" 
U G L  
UG!? 
UG!L 
UGlL 
UG,!L 
UGA 
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Table C-11. Geologic materizl UTLS by geologic unit for roul metzls. 

UPPER T O L E M C E  LIMITS BY GEOLOGIC UNIT 
GEOLOGIC MATERIALS, TOTAL METALS 

A N A L W T  

ALUMINUM ,, 

ARSENIC 
BaRlUM 
B E W U M  
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUU 
COBMT . 
COPPER 
IRON 
LEAD 
LTHIUM 
KAGHESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
STROKnUM 

TlH 
VANADIUM 
ZlNC 

ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
U L C I U M  
CESIUM 
CHHOMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LflHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SILVER 
STRONTIUM 
VANADIUM 
ZlNC 

GEOLOGIC-' SAMPLE PERCENT STANDARD 
UNIT SDE. N DETECTS MEAN D%LATION 99/99 UT1 UNITS 

COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
C3L 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 

28 
28 
28 
28 
26 
28 
24 
2a 
28 
28 
28 
28 
28 
28 
28 
27 
28 
28 
21  
19 
28 
23 

28 
2a 

100.00 
85.7 1 
100.03 
w.43 
57.m 
100.00 
75.00 
100.00 
25.03 
0 6 . 0  
100.00 
103.00 
28.51 
78.51 
103.00 
22.22 
5286 
35.71 
z222 
4211  
05.71 
26.09 
103.03 
100.00 

1 o . n i . u  
3 . 9  

1 sJ.20 
5.41 
0.86 

B.ML2.14 
206.24 
'13.79 
8.1 1 
14.61 

15.028.07 
1623 
8.52 

2907.32 
191.87 
0.18 
16.97 

979.61 
0.85 
5.85 
55.92 
87.36 
30.31 
56.13 

4.n45.95 
1.74 
94.05 
5.41 

6,2& 2.14 
56.a 
5.86 
3.81 
5.48 

6.715.26 
4.62 
7.55 

160.26 
0.20 

721.36 
0.65 
9.46 

27.04 
147.51 
12.23 
21.92 

0.42 

1m.w 

8.28 

27.661.88 
9.65 

462.51 
24.62 
2 3 5  

31.3-36.50 
413.26 
34.31 
19.66 
33.67 

58.5u.51 
32.40 
34.99 

8.5 13.05 
753.10 
0.M 
45.97 

3.505.78 
3.15 
4268  
150.63 
633.31 
13.15 
132.87 

MGiKG 
MGKG 
MGIUG 
MGMG 
MGKG 
UGlKG 
MGiKG 
MGlKO 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGIKQ 
MGIKG 
MGlKG 
MGlKG 
MGiKG 
MGlKG 
MGlKG 
MGIKG 
MGtKG 
MGlKG 
MGlKG 
MGlKG 

RFA 
;.FA 

, -A 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 

62 
62 
62 
62 
46 
62 
62 
62 
62 
62 
€2 

103.00 
69.35 
83.87 
87.10 
67.03 
6226 
75.81 
1M.03 
55.u 
87.10 
100.00 

67 103.03 
62 59.- 
62 58.06 
62 100.03 
U 42.59 
59 u.14 
61 27.67 
55 33.91 

h2 B5.77 
62 33.65 

61 Q3.u 

13.565.95 
4.15 

84.46 
4.65 
0.84 

6.676.4 1 

242.09 
=.MI 
8.'5 
11.69 

14.3A1.10 
9.05 
14.53 

2,482.38 
235.92 

0.29 
23.35 

1,545.33 
2.48 
77.93 
32.03 
29.97 

13.651.25 
5.70 

100.14 
4.66 
0.48 

19.959,15 
* 331.12 

30.15 
13.16 
15.59 

16.1 25.79 
7.07 
1285 

4.093.78 
411.44 
0.80 
25.45 

3.03593 
5.55 

87.m 
34.96 
61.25 

55.097.66 
21.48 

388.97 
10.83 
2.36 

67,402.61 
1.267.28 

4a.19 
113.77 

59.10 
63.588.67 

20.54 
u . 4  1 

14 .931.58 
1.X5.36 

2 8 1  
103.63 

10,7&1.53 
19.99 

2A2.55 
1JB.U 
216.23 

MGIKG 
MGIKG 
MGIKG 
MGtKG 
MGIKG 
MGIKG 
MGIKG 
MCIKG 
MGIKG 
MGIKG 
MGlKG 
MG!KG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MSiKG 
MGiKG 
MGIKG 
MGIKG 
M G f U C  
MGIKS 
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Table C-11 (coni'). 

UPPER T O L E W C E  LIMITS BY GEOLOGIC UNIT 
GEOLOGIC MATERIALS, TOTAL METALS (CONT') 

A N A L M E  

ALUMINUM , 

A R S E N I C  
PARIUM 
BERYLLIUM 
W M l U M  
W C I U U  
CESlUM 
C H R O U l U M  
COPPER 
IWN 
LEAD 
MAGNESIUM 
UAHGANESE 
NICKEL 
SELENIUM 
StLVER 
TIN 
VANADIUM 
Z I N C  

EIUMINUM 
A R S E N I C  
M R I U M  
BERYLLIUM 
C A D M I U M  
C a i C l U M  
CESIUM 
CHROMIUM 
COBALT 
C O P P E R  
IRON 
LCAD 
LmflUM 
UAGNESIUM 
W N G A N E S E  
MERCURY . 
NICKEL 
SELENIUM 
SILVER 
STFIOHTIUM 
VANADIUM 
ZINC 

STANDARD GEOLOGIC-'  SAMPLE PERCENT . 
UNIT SIZE N DETECTS MEAN DEVLATION W / 9 9  .UL UNITS 

WCS 
WCS 
WCS 
W t s  
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
wcs ' 

WCS 
WCS 
wcs 

8 1W.M 

Q Ea.w 
Q lM.03 
Q P P  
Q 66.67 
Q 1 W . M  
Q 1 W . M  
Q 103.00 

Q n.71 

Q 7m.m 
Q 103.03 
9 55.55 
Q 103.03 
Q 103.00 
Q 66.67 
0 1oo.cQ 
9 103.03 
Q 103.00 
9 100.03 

14.18125 
2Q4 

64.81 
r 3.57 

0.63 
2213.35 

214.8Q 
20.70 
1214 

14- 
6.66 

2cIu.80 
171.00 
15.31 
1 .fa5 

2 4 . ~ 9  
270.00 
31.42 
23.62 

S.aZ323 
1.55 

26.27 
1.00 
027 

1,556.05 
5.99 
5.Q.Y 
5.91 

4 . w . m  
' 3.15 
1.2s3.36 

99.17 
6.87 
1 A2 
6.94 ' 

w.04 
11.01 
8.30 

43.37523 
11.27 
106.10 

D.45 
. .06 

Q.sLQ.03 
247.16 
=as 
43.99 

23.66 
8.788.12 
706.30 
523 1 
8.7 1 

61.68 
Q8.52 

90.76 
68.34 

x,i n m  

MGlKG 
MGIKG 
M C K G  
MGMG 
M G K G  
UGIKG 
MGIKG 
M W G  
MGIKG 
M G K G  
MCJKG 
M G K G  
MGiUG 
M G K G  
M G K G  
M G K G  
MGIKG 
M G N G  
MGiUG 

F A R  21 iw.03 . 7.~1260 2681.30 17,608.83 MGlKG 
KAA 21 66.67 3.72 3.26 16.05 MGIKG 
KAR 21 D5.24 00.40 55.10 307.51 MGlKG 
KAR 21 103.03 3.35 ,- 3.16 15.29 MGIKG 
KAR 19 57.89 0.83 0.37 2.28 MGlKG 
KAR 21 100.03 5.47.14 1,831.70 12.395.06 MGIKG 
KXR 16 95.75 223.62 31.26 352.50 MGlKG 
KAR 21 100.03 0.91 2 9 8  20.10 HGIKG 
KAR 21 23.81 6.74 7.29 33.94 MGIKG 
KAR 23 103.00 15.76 5.93 35.40 MGIKG 
KAR 23 103.03 3296..;.25 8.753.35 46,502.32 MGlKG 
KAR 21 103.03 18.91 6.19 4229 MGlKG 
KAR 21 2 a . v  7.17 0.39 2a.u MGIKG 
KAR 21 64.67 2053.71 1213.43 6.636.37 MGIXG 
KAR 21 103.05 171.W 103.74 865.02 MGIKG 
KAR 21 33.33 0.23 0.24 1.13 M U K G  
K A R  19 54.21 10.78 13.39 70.90 MGIKG 
KAR 19 31.58 0.90 1.01 4.85 MGiKG 
KAR 16 25.03 3 . n  6.22 29.37 MGIKG 
KAR 21 90.18 69.33 30.95 156 .40  MGlKG 
KAR 23 w.03 23.70 0.76 54.25 MGIKG 
KAR 21 103.Co 60.24 19.22 132.e.2 MGIKG 

c-21 



Table C-12. Gp,olo_ric matzrizl UTLs by geologic U i C  for tOGf  redionuciides. 

WPEX TOLEM'CE LIMITS BY GEOLOGIC UNIT 
SEOLOGIC MATERIALS. TOTAL RADIONUCLIDES 

A H M Y T E  

CESlUKlSI  
GR-ALPM 
GROSS BETA 
RVTONIUM.P92*0 
FW)IUM-i28 
FUMUM-228 
sTRomuhtaQ,w 
m u u  
URU.IIUY TOTAL 
u ~ I u u - z s 3 . z u  
UR*NIlJMZj5 
uw1uM-p8 

AMERICIUM.241 
CESIUM137 
GROSS ALPHA 
GRQSS BETA 
PLUTONIUM23.2U) 
RADIUM*zx 
P A D I U M * P O  
STR0NTIUM-BP.W 

URANIUM. TOTAL 
URANIUM-23.3234 
UPANIUM235 
UPANIUM238 

mmuu 

CESIUM.137 
GRCXSS ALPHA 
GROSS BElA 
PLUTONIUM-239.240 
W\OIUM.PG 
R4DIUM.Z8 
STROHTlUMB8.90 
TRITIUM 
URANIUM. TOTAL 
URANIUM233.2M 
U PAN1 U M-235 
URANIUM.238 

CESIUM137 
GROSS ALPKA 
GRCSS BETA 
PLUTONIUM-239.24 
PADIUM.;Zb 
FiADlUM.ZB 
STRONTIUMJB9.90 
TFunUU 
W I U M .  TOTAL 
URANIUU-2U.224 
URANIUM.235 
Ua4NIUM.2YI 

SAMPLE PERCENT STANDARD 
GEOLOGY SIZE. N DETECTS C' =AN OWlATlON UTL W / W  UNITS 

0.01 0.M 0.17 PWO 
COL 28 100.00 31.95 8.W 63.10 PCilQ 
COL 26 100.00 27.00 3.52 . 39.a PWO 
COL 28 T00 .00  0.01 0.01 0. c5 P W P  
COL 21 100.00 1.07 0.18 1 .n PWP 
COL 21 100.00 1.51 029 2.65 PCVQ 
COL 28 103.00 -0.01 0.36 1.24 P W  
COC 28 100.00 6 2 1 4  106.16 u3.w pc i ig  

COL 28 100.00 1.14 1.58 6.66 PC3P 
COL 28 100.00 0.04 0.06 0.24 PCUP 
COL 28 100.00 0.W 0.24 2 1 5  P C h  

COL . ' 28 100.00 

COL 28 100.00 1.M 0.73 4 .41  PCUP 

AFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
R FA 
RFA 
RFA 
RFA 
RFA 
RFA 

103.00 
100.00 
100.00 
103.00 
100.00 
1 00.00 
100.00 

100.00 
100.00 
1cu.00 
100.00 
100.00 

1 0.00 

-0.00 
0.01 
2232 
24.10 
0.00 
0.63 
1.34 
0.03 

17290 
129 
0.64 

0.01 
0.64 

0.01 
0.01 
8.18 
6.75 
0.01 
0.10 
0.31 
0.35 

1226.3 
0.81 
0.46 
0.03 
0.38 

0 . a  PCVO 
0.14 PCVO 

47.21 pCi/g 
U.62 pCiig 
0.02 PCVQ 
O.% PCVQ 

1.C;) PC?P 
9 5 . 3 6  PC% 
3.76 pCVc 
2.01 pCi/g 
0.1 1 pCilg 
1.79 p c v g  

237, PCVP 

WCS 
WCS 
WCS 
wcs 
wcs 
WCS 
WCS 
wcs 
W S  
WCS 
W W  
WCS 

Q 

9 
9 
Q 
4 

I 

Q 
Q 
9 
9 
Q 
9 

100.00 
100.00 
100.00 
100.00 
100.00 
1G0.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.03 

0.01 
20.89 
21.89 
0.01 
0.68 
1.42 
0.17 

174.44 
1.36 
0.60 
0.02 
0.73 

0.03 
5.68 ' 

5.53 
0.01 
0.15 
0.29 
0 . u  

114.47 
0.21 
0.12 
0.07 
0.12 

0.19 pCi!p 
52.59 pCi!g 
31.70 pCilg 
0.07 pCilg 
2.55 pCi/g 
4.98 pCi/g 
2.56 pCil0 

791.30 pCiIg 
2.9 pCii0 
1.25 PCih 
0.38 P C h  
1.39 pCi/g 

KAR 
KAR 

KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
K*R 

ma 

ail 
u a  

21 
21 
21 
21 
14 
i l  
21 
21 
21 
21 
21 
21 

103.00 
103.00 
103.00 
100.03 
103.03 
100.cO 
100.03 
lw.w 
1oO.M) 

100.00 
100.00 
100.w 

0.00 
29.98 

25.76 
0.00 
1 .a 
1.53 

4.11 

65.95 
1.w 
0.96 
0.04 
0.98 ' 

0.03 
8.42 
3.85 
0.01 
0.12 
0.19 
0.36 

122.69 
0.64 
0.39 
0.08 
0.25 

0.00 
61.78 
40.29 
0.W 
1.65 
2.14 
1.24 

529.32 
4.40 
2.42 
0.55 
1.92 



Table C-12. k o l o g i c  maten21 U T k  by geolo_ric unit for IoZI "uVater-quaIiq*" 
p anmeter s . 

UPPER T O L E W C E  LIMITS BY GEOLOGIC WIT 
GEOLOGIC MATEFIIALS, TOTAL 'WATER-QUAUN' PARAMETERS 11 

%hMPLE PERCEHT STANDARD 
A N A L Y E  GEOLOGY SIZE. N OmCTS MEAN DEVlATlON U T C  8 9 / 8 9  UNITS 

SULFIDE COC 27 18.52 1.87 1.3Q 6.36 MGlKG 
PH COL 28 lDo.06 0.45 s i  10 PH UNITS 

I 
I 

30.082.D? MGIKG 
PH RFA 60 100.00 ?.Q? 0 . n  S 10.4 
SULFIDE RFA 5.3 32.08 221 3.02 

N ~ T V H ~ I T E  
PH 
SULFIDE 

WCS Q 3.53 1 .OB 
WCS Q 100.00 ? * 4 f  
WCS 9 2222 3.00 

0.62 4.44 MGlKG 

MGIKG 1 .M 6.00 
0.18 S I Q  Pn UNITS 1 i '1 

5/11.? PH UNITS I PH KAR 21 100.00 a.rJ 0.87 

F J 

, 



Table C-14. Geolo~ ic  rnatcrizl UTLs bIr flow-sysrem for roriil mctals. 

- 
UPPER T O L E W C E  LIMITS BY FLOW-SYSTEh/l 
GEOLOGIC MATEalALS, TOTAL MEALS 

ANALME 

ALUMINUM 
A R S E N I C  
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
C E S I U M  
C H R O M I U M  
COBALT 
( ; O P P E R  
IRON 
LEAD 
LITHIUM 
M A G N E S I U M  
M A N G A N E S E  
M E R C U W  
NICKEL 
S E I E N I U M  
SIL':ER 
S l R O N T l U M  
VANADIUM 
ZINS 

, .. I 

ALUMINUM 
A R S E N I C  
B a R l U M  
BERYLLIUM 
CADMIUM 
CALCIUM 
C E S I U M  
C H f i O M l U M  
C O B a L T  

IRON 
LEAD 
LITHIUM 
MAGNESIUM 
M A N G A N E S E  
U E R C U W  
NICKEL 
P O T A S S l U M  
S E L E N I U M  

S i R O K T l U M  
TIN 
VANADIUM 
Z I N C  

C O P P E R  

siivza 

FLOW-. '  S A M P L E  P E R C E N T  STAfrDARD 
SYSTEM SIZE. N D F T E C T S  MEAN DEVIATION B9/w UTL UNITS 

L M R  21 
LOWER 21 
LOWER 21 
LOWER 21 
LOWER 19 
LOWER 21 
LOWER 16 
LOWER 21 
L M R  21 
LOWER 20 
LOWER 20 
LOWER 21 
LOWER 21 
LOWER 21 
LOWER 21 
LOWER 21 
LOWER 19 
L M R  19 
LOWER 16 
LOWER 21 
LOWER n 
LOWER 21 

100.00 
66.67 

100.00 
9.89 
100.00 
93.75 
103.00 
23.81 
100.00 
100.00 
100.00 

I 28.57 
65.67 
100.00 
33.33 
81.21 
3'1.58 
25.00 
W.48 
90.03 
100.03 

95.24 

7.482.60 
3.72 

3.35 
0 . U  

5.477.14 
P3.62 

1.01 
6.74 
15.76 

12663.25 
18.91 
7.17 

2053.71 

w.Lo 

i 7 i . m  
0.23 
18.78 
0.w 
3.72 
69.M 
20.70 
60.24 

2681.30 
3.26 
55.10 
3.16 
0.37 

1.831.78 
31.26 

2 9 8  
7.20 
533 

8,753.38 
6.19 
8.39 

1,213.43 
183.74 
0.24 
13.39 
1.01 
6.22 

30.95 
8.76 
19.22 

17.Mw.BJ 
16.05 

307.51 
15.29 
2 2 8  

12.395.06 
XI5250 
23.18 
u.94 
38.48 

46.592.32 
42.29 
38.w 

6,636.37 
865.82 

1.13 
70.90 

29.37 
186.40 
S . 2 5  

4.85 

132.e2 

M G K G  
MGIKG 
MGIKG 
MGI?:G 
MGlKG 
MGIKG 
MGIKG 
MGiKG 
M G K G  
M G K G  
UGlKG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MGlKG 
M G M G  
MGIKG 
MGlKG 
MGIKG 
MGfKG 
MGIKG 

1 

UPPER 98 
U P P E R  99 
UPPER 99 
UPPER 99 
U P P E R  81 
UPPER 99 
UPPER 95 
UPPER s9 
U P P E R  99 
UPPER 99 
UPPER 99 
UPPER B9 
UPPER B9 
UPPER 99 
UPPER 99 
UPPER Mi 
UPPER w 
UPPER 9.9 

UPPER e 2  
UPPER bJ 
UPPER w 
UPPER s-2 
UPPER 6-9 
UPPER 88 

1DS.C.Q 

7 4  i 5  
88.09 

W.51 
4a.:5 

77.09 
103.00 
53.x 
60.91 
100.00 
100.00 
45.45 
65.64 
103.00 
33.72 
80.62 
28.57 
25.6: 
40.95 
A 3  U 
z2.u 
07.S.3 
95.92 

85.86 

12.752.03 
3.88 
6-546 
4.78 
0.82 

6.951.09 
230.46 
19.61 
7.50 
12.57 

14.531.90 
10.87 
11.76 

2.581.42 
217.M 
0.24 
20.73 

1.311.57 
1 .P 
5.62 

Es. 62 
61.75 
31.49 
36.86 

r 11,310.57 
4.63 

96.46 

4.7 1 
0.44 

16.215.59 
273.51 
24.33 
10.77 
12.82 

13.257.27 
7.05 

11.15 
3.365.51 

241.96 
0.M 

20.74 
2,442.62 

1.79 
9.46 
72.08 
1 :2.23 
2 e . u  
51.12 

39.105.66 
14.66 

321.20 
15.75 
2.17 

42.733.4 1 
067.74 
76.30 
32.60 
42.43 

45.421.42 
27.29 
3 . 4 5  

10,426.06 
1.01 4.4 1 
220 
69.05 

7 . ~ 2 . 8 8 .  
6.63 

34.39 
255 42 
323.37 
87.89 
155.57 

WGIKG 
UGlKG 
U -*/KG 
h ;i?G 
M:;!KG 
MGIKG 
MGlKG 
MGIKG 
MGlKG 
MGIKG 
MGIKG 
MGlKG 
MGIKG 
W.GIKG 
MGlKG 
MGIKG 
UGIKG 
MGIKG 
K G I K G  
MGIXS 
MGlKG 
UGIKG 
M SIKG 
M i l K G  
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I Table C-15. Geolo_eic materid UTLs by flow-system for toul radionuclides. 

UPPER TOLEUVCE Llh?TTs BY FLOW-SYSTEM 
GEOLOGIC MATERIALS. TC)TAL RADIONUCLIDES 

A N A L M E  - 

GROSS ALPHA' 
CESIUM.137 

G R  JSS BETA 
PLUT'ONIUM-239.240 
FADIUU.226 
RADIUM.Z28 
sm0NlIuM-Bo.w 
7 A m U M  
U W N I U M .  T O T A L  
U R A N I U M - 2 U . 2 3 4  
U R A N I U M - 2 3 5  
U R A N l U M - 2 J B  

AMERICIUM.241 
CESIUM-137 
GROSS W P H A  
GROSS B E T A  
PLCTTONIUM-239.240 
F A D I U M . 2 2 6  
R 4 D l U M - 2 2 8  
S T R O H T I U M - 8 9 . 9 0  
TRlTlUM 
UPANIUM. T O T A L  
U W N I U M . 2 J J . 2 3 4  
U W N I U M . 2 2 5  
UWHIUM-258 

F L O W . - . '  S A M P L E  P E R C E N T  '. ! 'ANDARD 
S Y S E M  SIZE. N DETFCTS MEkN ::ZVVV\TlON U T L  89!W U!4lTS 

L O W E R  21 100.03 0.00 0.00 0.00 pCilg 
L O H E R  21 103.00 29.98 8.42 61.78 P W  
L O W E R  21 100.00 25.76 3.85 a29 pCi& 
LOWER 21 103.00 0.03 0.01 0.03 pCi/g 
LMR 14 100.00 1.09 0.12 1.63 pCVg 
L O W E R  14 100.00 1.30 0.19 2.14 P W  

LOWER 21 100.00 65.95 122.69 529.32 P W  
L W E R  21 100.00 1.66 0.W 4.40 P w J  
L O W E R  21 133.03 0.86 0.39 2.42 P W  
L M R  21 1 :l.W 0.04 0.M 0.55 PC?P 
L W E R  21 1CO.00 0.98 0.25 1.W P W  

LOWER 21 100.03 4.11. 0.36 1.24 P W P  

U P P E R  28 100.00 4.00 0.01 0.02 P W  

U P P E R  99 100.03 24.91 9.28 49.48 p t i l g  
uwm w 103.00 24.12 6.06 40.75 PCUP 
U P P E R  w 100.03 0.03 0.01 0.02 Pcgo 
U P P E R  83 100.00 0.75 0.23 1.45 P W  
U P P E R  83 103.03 1.40 0.32 2.37 p t i ' c  
U P P E R  99 103.03 0.03 0.36 0.89 pCiip 
U P P E R  99 100.00 141.72 125.75 477.09 pCi!$ 

U P P E R  99 103.00 0.78 ~ 0.93 3.25 p t i / f  

U P P E R  99 103.00 0.02 0.05 0.14 pCi!g 

U P P E R  99 103.03 0.01 0.04 0.1 1 pCilg 

U P P E R  99 103.00 1.46 0.79 3.55 PCi!F 

U P P E R  99 lCQ.00 0.13 0.38 1.75 p s i &  

Table C-16. Geologic material UTLs by flour-system for total "water-quality " 
parameters. 

-- - 

I FLOW. S A M P L E  P E R C E N T  S T A N D A R D  
A N A l Y l E  SYSTEM SIZE. N D E T E C T S  M E A N  D N l A T l O N  UTL 99/99 U N I T S  

P H  Lows 21 1cu.m 843 0.87 11.73 P H  C'I IT 

U P P E R  97 1m.03 8 .03  0.69 9.61 PP. Uh'iT 

U P P E R  88 27.21 222 2.52 n. a8 MGlKG 

- - 
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T..Sle C-17. Strean water U T L  for dissolved rnecils. 

~ ~~~~ 

UPPER TOLERANCE LIMITS (SITE-WIDE) 
STREAM WATER, DISSOLVED METALS 

ALUMINUM 
ANTIMOW- 
BARIUM 
W C l U M  
COPPER 
IRON 
LMD 
m I U M  
LUGNESIUM 
MANGANESE 
PHOSPHORUS 
POTASSIUM 
SFLENIUM 
SL:SIUM 
S l 2 O N l l U M  
TIN 
D N C  

L M P L E  PERCEKl STANDARD 
WIB9 UNITS SIZE N DETECTS MEAN DEVUTISN 

151 
92 

145 
154 
125 
1 U  
113 
119 
150 
149 

6 
126 
85 

1 9  
139 
99 

139 

41.79 
29.35 
5724 
W.51 
37.60 
68.63 
2 7 4  
53.61 
7667 
71.14 
100.00 
51.59 
25.M 
91.12 
69.w 
2121 
5b.w 

8Q.w 
18.01 
45.17 

23,621.75 

1 44.92 
1.33 
15.7 1 

4,735.82 
2 a . 4  
1W.85 

1.427.1 6 
2 2 4  

16.533.M 
241.81 

5.90 

2a.52 
13.59 

165.40 
17.68 
Xl.U 

11.474.97 
4.97 

1.63 
20.58 

2173.67 
47.73 
124.91 
46 .51  

3.63 
7.508.05 
313.51 
23.40 
18.14 

17a.41 

475.10 
59.20 
127.74 

50.358.44 
1 7 . U  

560.62 
5.14 
63.66 

9.800.47 
139.22 

1 , 1 1 1 . ~  
3.5.35.92 

13.26 
34,096.80 
0n.u 
w.05 
55.86 

UGIL 
UGIL 
UGA 
UGIL 
U G A  
U G A  
U G A  
U G A  
UGJL 
UGIL 
U G A  
u GIL 
UGlL 
UGIL 
UGlL 
UG/L 
U GA 

Table C-18. Stream water UTLs for touI metals. 

UPPER TOLERPLNCE LIMITS (SITE-WE) 

ANALME 

ALUMINUM 
ARSENIC 
BARIUM 
CALCIUM 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
PHOSPHORUS 
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
SPRONTlUM 
TIN 
VANADIUM 
ZINC 

. .  

STREAM WATER, TOTAL METALS 

SAMPLE PERCEh7 STANDARD 
SIZE. N DETECTS MEAN W / 9 9  UTL U N I T S  DEVIATION 

139 70.42 
110 2727 
131 68.70 
1s w , n  

157 a m i  
131 55.88 
125 4127 

121 41.22 

1 4  a i s i  

i s 1  .;e.ei 
6 e.23 

126 5 7 . a  

123 21.67 

67 1ob.cO 
155 G7-PI 
125 U . 7 0  
116 7J.M 
120 2 7 , s  
151 67.55 

747.63 
1.73 

58.04 
23.601.21 

5.59 
1.247.08 

1.08 
11.77 

4 . 9 0 1 . 9 4  

04.76 
186.25 

1.669.97 
1.55 

6,076.23 
16.MO.41 

171.63 
23.16 
6.97 

31.91 

1.249.04 
1.76 

34.02 
11.100.19 

4.07 
2.866.81 
235 
17.42 

2,107.6 1 
323.57 
13.M 

1.071.X 
2.05 

3 ,?, .7.17 
7,623.95 

179.61 
20.13 
9.36 

61.69 

3.892.76 
5.84 

138.1: 
4 9.4w. E 6  

16.95 
7.826.75 

7.36  
v 3 5  

9.812.55 
585.29 
1.2'22.40 
4.167.09 

6.55 
1 6 . M .  19 
53.81 7.24 

593.13 
67.07 
20.76 
175.- 

UGlL 
UGlL 
UGIL 
UGIL 
UGIL 
UGIL 
UG.A 
UGlL 
UGlL 
UGIL 
UG;L 
UG;L 
UGIL 
UGIL 
UGIL 
UGIL 
UGIL 
UGIL 
UGiL 
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Table C-19. S u e m  water UTLs for dissolved radionuclides 

- 
UPPER T O L E W C E  LIMITS (SITE-WIDE) 
STREAM WATER. DISSOLVED FLADIONUCLIDES 

.. 
AKALYTE 

AMEAlClULc241 
CESIUM-~J( 
CESIUMl37 
GROSS ALPHCI 
GROSS B R A  
OROSS GAMMA 
PLUlONIUM236 
PLUlTONIUM23a 
PLUTONIUMZ)9.24 

R4DIUM-228 
momuM80.po 
fRmUM 
U W N I U M .  TOTAL 
UR4NIUM-233.234 
UR4NIUM-235 
UR4NIUMZ38 

SAMPLE PERCENT S T A N D A R D  
SIZE. N DETECTS MEAN DNIATION W l e s  UT1 UNITS 

34 
3 
10 
61 
61 
2 4  
4 
4 
36 
3 
2 
87 
56 
6 

56 
56 
58 

1w.w 0.07 
100.00 227  
100.w 0.82 
lW.00 , 1.81 
100.00 4.69 
100.00 0.70 
100.00 . 0.00 
1w.m 0.01 
100.00 0.12 
100.00 0.10 
100.00 1 .a3 
1w.w 0.73 
1w.w 185.58 
100.03 0.72 
103.03 0.92 
100.00 0.14 
lw.w 0.71 

0.13 
0.10 
lZ?  
6.05 
6.78 
0.25 
0.01 
0.01 
0.20 
0 2  1 
0.49 
0.55 

'416.W 
0.48 
4.21 
0.20 
3.24 

0.w ' 

4.67 
6.99 

28.71 
n.30 
1.53 
0.07 
0.07 
0.7P 
5.23 
4 9 3  
2 4 2  

4.27 
1 4 . 2 0  
0.78 
10.Q3 

1.4m.07 

PCiR 
p c i n  
pCilL 
P C i  
pCiA 
pCilL 
PCYL 
PCK 
PGA 
PCUL 
PCVL 
P C i  
PWL 
PCUL 
PWL 
PCin 
PCYL 

Table C-20. Stream water UTLs for total radionuclides. 

,- 

WD IO N U C LI 0 E S 

AMERICIUM-241 
CESlUh4-134 
CESIUM-137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-236 
PLUTONIUM-238 
PLUTONIUM-239.24 
P A D I U M * Z 6  
STRONTIUMB9.W 
TRlTlUM 
URANIUM. TOTAL 
URANIUM-233.23 
URANIUM-ZU 
UFWNIUM.238 

99\99 UTL 
SAMPLE PERCENT STANDARD 
SIZE. N DETECTS M E A N  D NlATlO N 

106 100.03 
8 lW.03 
!a 100.00 
ea 103.03 
M 100.03 
12 100.00 
12 100.03 
1C5 100.0 
4 7 0 0 . 0 3  
75 100.03 
73 100.03 

17 100.03 
79 100.03 
75 103.03 
55 103.03 

0.00 
1.53 
0.23 
2.96 
5.49 

4.00 
4.03 
0.09 
1.07 
0. M 

75.71 
0.59 
0.49 
0.05 
0.36 

0.01 
1.29 
0.w 
8.25 

0.03 
0.01 
0.01 
1.25 
1 .30 
209.22 
0.52 
0.55 
0.07 
0.43 

8.17 

0.02 
Q.M 
l.W 

28.06 
24.35 
0.01 
0.03 
0.M 
16.54 
4.M 

711.N 
2 5 9  
2.16 
0.28 
'k.73 
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UPPER TOLERANCE LIMITS (S ITE-WE)  
STREAM WATER, WATER-OUALIN PARAMETERS 

ANALYl-E 

BICUBONATE 
U R B O F U T E  

CHLORIDE 
CYANIDE 
DISSOLVED ORGANIC CARBON 
FLUORIDE 
N m r r \ E / N I - l R T E  
NITRITE 
C !.AND GREASE 
P'i 
P H O S P H O R U S  
slum 
SULFATE 
TOTAL DISSOLVED SOUDS 
T O T M  ORGANIC CARBON 
TOTAL SUSPENDED SOLIDS 

morn 

- 
SAMPLE PERCENT STANDARD 
SLZE. N DETECTS U € A N  DEVIATl7N 891W UTL UNnS 

154 
154 
10 

151 
129 
25 

1 0  
153 
e 5  

105 
51 

1 M  
95 
151 
151 
49 

159 

103.03 
24.03 
103.03 
0205 
31.01 
103.03 
OB. 03 
56.86 
z t 3 J  
33.33 
OB.0,  
35.29 
97.89 
08.01 
103.00 
lDo.00 
59.75 

9 7 . 9 1 3  
2QS9.74 
7,635.03 
16.833.01 
2221.83 
6.1M5? 

320.41 
324.55 
13.08 

4.Q4.29 
7.34 
43.M 

11.128.11 

170,119.21 
1a .7~245 

7,46634 
ia.0n.w 

40,23729 
1 . w 7 . u  
3.91266 
15,608.95 
5.220.92 
3.267.38 

107.M 
138.81 
14.74 

3,756.06 
0 .a  
55.07 

7.?c55.36 
a . 1 7 4 . ~  
56.721.65 
4.621% 
4 5 . m 7 2  

191.324.08 
7.51 4 . 1  9 

27.486.n 
u.rn1.0a 
14.386.67 
16,997.16 

589.8 1 
1.347.05 
58'81 

12775.89 
9.32 

171.w 

37.829.40 
3oL280.65 
P.CU7.07 

z a . m . 4 0  

125.52a.r2 

U G L  
UGA 
UGA 
UGIL 
UGA 
UGlL 
U G I L  
U W .  
U G n  
UGA 

P H  UNITS 
UGA 
U G A  
UG/L 
UG/L 
UG/L 
U G L  
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Table C-22. Sccp/spring water U T L  for dissolved metals. 

A K A l M E  

i 

SAMPLE PERCENT STANDARO 
SIZE. N DETECTS MEAN DEVlkTlON 99/89 WL Uh'lTS 

ALUMINUM 
ANTIMONY 
BARIUM 
W C l U M  
COPPER , 

IRON . 
LEA0 
LtlHIUM 
MGNESIUM 
UANGANESE 
UERCURI  
UOLYBOENUM 
POTASSIUM 
SODIUM 
c 8~ROHnUM 
Z N C  

43 25.55 
. ' '  33 m.00 

47 44.- 
50 Qa.00 
41 24.39 
49 69.39 
42 21.U 
u 5256 
47 72.34 
u w.35 
zz P 7 3  
34 20.59 
39 41.03 
x) w.OO 
45 n.78 
4.6 45.65 

42.n 
25.89 
71.Q5 

50.22203 
6.01 

l.on.00 
1.08 
29.46 

7.CO2.07 
127.57 
0.18 

53.81 
1.389.91 

1ZZG7.00 
481.40 
15.68 

x.0, 
28.49 
4239 

54,49838 
5.31 

4.08276 
0.86 

20.72 
5,108.40 

185.52 
0.26 

21.07 
1 ,w.62 
5.585.54 

401.87 
21.13 

137.54 
124.08 
205.63 

15Q.W.39 
23.40 

14.808.10 
3.81 
s4.M 

23.ccrj.m 

1.16 
104.40 

6.743.06 
29,019.38 
1.749.29 
82233 

7izm 

UGIL 
U G A  
UWL 
UGIL 
U W L  
U G A  
UGA 
U GA 
UGlL 
UGL 
UGIL 
UGIL 
U G A  
UGA 
U GA 
UGiL 

Table C-23. Seeplspring water UTLs for total metals. 

UPPER T O L E W C E  LIMITS (SlT--wrr>E) J 

SEEP /SPRING WATER, TOTAL M g A L S  

A N A L V E  

ALUMINUM 
ANTIMONY 
AWSENIC 
BAAlUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
ClANlOE 
IRON 
LEA0 
LITHIUM 
MAGNESIUM 
MANGANESE 
U OLY 8 DE HUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
STRONrlUM 
TIN 
VANADIUM 
ZJNC 

SAMPLE PERCENT STANDARO 
SIZE N OETECTS M U N  D t W T I O N  % ' I 9 9  UTL UNITS 

q! 

34 
4 
U 

34 

5.3 
33 

55 
U 

5 
51 
4 5  
35 
50 
5 1  
33 
2.5 
41 
36 
11 
22 
53 
4 2  

35 
41 
53 

,33 

40 

83.53 
32.35 
59.09 
75.w 
31.21 
33.30 
90.57 
24.24 
40.03 
3429 
52.27 
40.00 
68.24 
€6.67 
4.57 
53.03 
80.39 
27.27 
37.14 

34.89 
1oO.CO 
31.25 
88.63 
61.90 
37.14 
51.22 
62.M 

4a.78 

18.115.18 
46.68 
69.77 

913.39 
2.81 
9.08 

04.329.72 
4 19.08 
23.69 
43.39 
U . 8 9  
5.85 

175.071.71 
91.14 
29.U 

10.370.60 
1.708.W 
x.46 
M.bB 

3.386.23 
3.31 

10.05 
l Z N 5 . 8 0  

506.16 
W.03 
117.09 
195.22 

8.408.1a 

c 

47.149.24 
108.89 
192.06 

1.692.1 1 
3.37 
17.25 

128.635.27 
449.37 
49.27 
90.97 

7.48 
518.671.63 

m7.26 
26.57 

7 . w . 3 6  
5.CZ7.M 

39.12 
176.39 

3.059.81 
3.72 

3.0?7.M 
25.69 

5.016.89 
476.35 
190.89 
280.76 
431.42 

w.M 

166.871.02 
411.91 
675.73 

6.252.00 
13.86 
67.29 

XO.17'.15 
1,936.79 

leJ.74 
9 6 . 7 5  
559.20 
n.eJ 

745.05 
118.02 

3.488.56 
17.653.34 

1 5 . 5 1  

i . a i i . 4 a . 7 1  

41.3.7a 
: 3,071.55 

15.64 

23.C23.71 
97.35 

27.e24.H 
1.039.06 

753.54 
1.002.88 
1 . c n . s  

UGlL 
UGIL 
UGIL 
UGlL 
UGA 
UGIL 
UGIL 
UGIL 
UGIL 
UGIL 
UGlL 
UGlL 
UGiL  
UGIL 
UGlL 
UGlL 
UGlL 
UGIL 
UG:L 
UGlL 
UGi'l 
UGrl. 
UG.'L 
UG:L 
UGA 
UG!L 
UG:L 
UGIL 
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Table C - 2 3 .  Seepispri~qg water UTLs for dissolved radionuclides. 

C E S I U i l 3 7  103.00 ' 4.27 
GROSS ALPHA 
GROSS BETA 
GROSS UAUUA 
RvlONIUM-ZJ9.2Lo 
R4DIUM-m 
smomum.m 
mmuu 
URWIUM. TOTAL 
UFUNIUU-2332% 
UFUNIUM-235 
UWlUK238 

Table C-25. Seep/spring water UTLs for total radionuclides. 

UPPER T O L E W C E  LIMITS (SITE-ImE) 1 
SEEP 1 SPRING WATE 3,. 

ANALYE 

AMERlCIUM.24 1 
CESIUM-137 
GROSS ALPHA 
GROSS E T A  
PLrnOHIUM.Z39.240 
PADIUM-P6 
W I U M - z 2 8  
STROHnUMd9.90 

UPANIUM. TOTAL 
UPANIUM-253.234 
UPANIUM-235 
U FUN I U M- 238 

SAMPLE PERCENT STANDARD 
SIZE. N DETECTS MEAN DNIATION 99/99 UTL Uh'lTS 

37 103.03 0.01 0.02 0.08 pCiA i 
37 103.00 0.54 1.99 7.16 pcitL 1 
36 100.03 4 2 5 2  89.77 340.13 pci/L 1 
10 103.03 2 1 5  1.50 9.74 pCi/L 
53 lw.w 0.21 0.78 2 8 5  pCdL '8 

12 103.00 7.72 0.10 49.88 PCUL ! 
pCiA 1 5 100.03 16.38 14.11 1 4 2 5 3  

1 32 103.03 O S ?  0.38 1.61 pCiA 
31 1CX3.oO -87.72 1.275.95 4 . 2 T . 7 6  pCiL 
9 1oO.W 0.a  0.63 4.23 pCi,t j 
53 lW.03 0.N 1.29 4.99  pCilL 
Jz 103.03 0.02 0.08 0.31 pCiA 1 

103.03 0.64 1.21 4.89 PCi/L 1 
1 

28 

' 
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Tzble C-26. Seep/sprinS water UTLs for water-qualig! p a r m t t e r s  

.SAMPLf PERCENl STANDARD 
SIZE. N D m C T S  MEAN DEVLATION w / w  UT1 UNITS 

*PER TOLERANCE LIMITS (SITE-WIDE) 

I 

SEEP / SPRtNG WATE8, WATER-OUALIN PARAMrTRS 

A N A L Y E  

BICARBOMATE 
U R B O W E  ' '  

CHLORIDE 
CYWlDE 
D1550LVED ORGANIC U R B O N  
FLUORIDE 
N r n T V N r n r n  
OlLAHD GREASE 
PH 
PHOSPHORUS 
SIUca 
SULFATE 
TOTAL DISSOLVED SOUDS 
TOTAL ORGANIC CARBON 
TOTAL SUSPENDED SOLIDS 

!I 

60 
55 
53 
4.5 
5 
18 
55 
24 
35 
18 
17 
53 
53 
7 

54 

103.W 
43.H 
Eo.57 
26.09 
1co.w 
103.03 
M.3 
37.53 
la3.CO 
61.11 

p6.23 
103.00 
1W.00 
87.04 

1m.w 

521.M3.17 
4.495.68 
12523.58 

7.1 1 
5.000.00 
552.22 
O(S.1D 

2Ua.13 

7.22 
w.94 

17.M5.45 
46.86226 
263.867.92 
9.01 4.29 

2712505.56 

5 7 4 . W ; d b  
4.965.08 
17.W1.93 

7.00 
2236.07 
m.00 
2,11B.P 1 
1.W.M 
0.43 
804.15 

0.569.53 
87.305.62 
174,337.09 
3.1M.56 

7.791 *125.40 

2.155.321.61 
20.160.52 
w.su.06 

24,BBB.Z7 
1.601.23 
7.630.34 
9.490.06 

8 . 6 4  
3.U9.67 
51.617.95 
322.411.50 
8 13,806.0 1 
2 9 . U 3 . 5 1  

27.223.506.20 

, 28.21 

UQK 
U G L  
UGIL 
UGA 

UGA 
UGlL 
UWL 

PH UNITS 
UGA 
UWL 
U G A  
UGA 
UGIL 
UGIL 

uGr, 

d 

c-2 1 



. I  
I 

Table C-27. Stream sediment UTLs for total metals. 

UPPER TOLER4NCE LMITS (SITE-WIDE) 
STREAM SEDIMENTS, TOTAL METALS 

AILALME 

MUMIHUM 
ANflMOt?f 
ARSENIC 
BARIUM 
BER7LUUM 
CADMIUM 
UUClUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 

LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCUKY 
MOLYBDENUM 
NICKEL 
POT,G.sIUM 
SELENIUM 
SlUCOH 
SILKA 
SODIUM 
STRONTIUM 
T W U M  
TIN 
VAMADIUM 
ZINC 

- .- 

iaoN 

SAMPLE PERCENT STANDARD 
SUE. N DETECTS MEAN DNlATlON 99/99 U T L  UNITS 

58 
52 
39 
57 
SI 
51 
3 
56 

59 
59 
59 
59 
59 
57 
59 
59 
49 
58 
57 
58 
58 
19 
54 
55 
58 
54 
Y 
57 
58 

lW.00 
u.23 
69.48 
8421 
63.16 
39.22 
81.36 
62% 
84.75 
76.27 
83.05 
lw.w 
100.00 
91.23 
7Q.65 
100.03 
48.98 
53.45 
75.44 
70.69 
43.10 
1R.N 

s.xl 
79.66 
89.W 
24.01) 
53.70 
91.23 
90.20 

5,887.61 
4.55 
2 2 4  
74.47 
0.93 
0.72 

3.5s4.57 

8.25 
5.16 
10.81 

8 . U 6 3  
2202 
10.01 

1.404.18 
229.52 
0.12 
5.48 
7.01 

81250 
0.45 

531.55 
0.86 
161.47 
45.62 
0.34 
9.69 
18.15 
u.u 

t o m  

4,9 12.73 
4.16 
250 
56.85 
3.40 
0.58 

4.71Q.P8 
107.96 
7.49 
3.57 
8.23 

6.263.18 
56.79 
0.83 

1.253.37 
214.05 
0.11 
8.33 
5.44 

743.00 
0.55 
362.31 

0.71 
156.80 
77.9 1 
0.24 
9.79 

14.24 

29.98 

21.587.27 
17.68 
10.73 

253.82 
11.65 
2 5 5  

re.ccs.12 
442.39 
31.08 
16.43 
36.78 

28,612.88 
138.09 
41.01 

5.358.56 
907.35 
0.46 
31.75 
24.16 

3,15 9.74 
2 1 8  

1.74 1.79 
3.1 1 
593.M 
231.42 
1.10 
40.57 
s3.39 
139.04 

M G K G  
M G K G  
M G K G  
MGlKG 
M G K G  
M G K G  
MGIKG 
M G K G  
M G F G  
M G K G  
MGlKG 
M G F G  
M G K G  
MGIKG 
M G F G  
MGIKG 
MGlKG 
MGIKG 
MGKG 
MGKG 
MGIKG 
MGlKG 
UG!KG 
M G I K 3  
M G l K G  
MGlKG 
MGlKG 
h ; /KG 
MGIKG 
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Table C-28. S t r e a n  sediment UTLs for r o d  radionuclides. 
i 

STANDARD . SAMPLE PERCENT 
ANALYE SIiC. N DElECTS MEAN DNATION 98/99 W L  UNITS 

r 

UPPER TOLEWYCE LIMITS (SIl-E-WIDE) . 

AMERICIUM-241 
c:sr(:M-137 
GROSS ALPW 
OROSS BETA 
P L m O H I u M m  
PLUTONIUM-239.240 
FUDIUM-226 
FL4DIUM-ZB 
S T R O N n U ~ 9 . R )  

UFVWIUM. TOTAL 
u FUN1 u M-2U.W 
u FUNl u 623.5 
UFMNIUM.238 

m m u M  

1 

STi:EAM SEDIMENTS, TOTAL WATER-QUALJN'  PARAM-EJ-ERS 

SAMPLE PmEm STANDARD 1 

37 
35 
45 
U 
5 
Is 
21 
20 
U 
42 
6 

47 
49 

36 

, ANALYTE 

1w.m 0.17 
103.01) 0.26 
lw.w ZLW 

lm.w 0.00 
100.00 0.54 
100.03 0. a5 
1Do.ob 1.70 
100.03 0.21 
100.63 1 w.30 
1oo.w 1.18 
lm.w 1.68 
lw.w 0.06 
103.00 1.4 

103.w , 35.3 

SIZE. N DETECTS MEAN D-VIATION 99/99 UTC UNITS 
:I 

0.48 
0.38 

23.46 
P.98 
0.00 
1.61 
0.56 
0.74 
0.27 

255.07 
0.6P 
1.15 
0.C5 
1 .a3 

.rr 
1-54 

66.83 
0.00 
5.62 
2 . 2  
4.55 
1.07 

1 . m . 5 9  
6.57 
5.29 
0.21 

a?.% 

4.82 

Table C-29. Stream sediment UTLS for total "water-quality" parameters. 

, ALKAClNlM AS CAC03 
BIO\RBON4TE A, U I C o j  
"ITRATEtNl7RITE 

.TRITE 
-! 

TO ALALKAUNm 

28 92.06 1.970.u 5.1C2.72 19.639.56 MGlKG 
4 lW.a, 1.M1.25 1 I U 9.27 I a.993.76 MGIKG 

52 71.15 7.76 15.67 57.19 MGIKG 
12 a.35 0.34 0.19 1.21 MGiKG 
51 103.0;) 7.26 0.66 9.34 PH UNITS 
6 100.03 4.470.03 8.1 16.03 63.997.31 MGlKG 
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Table C-30. Seqdspring sediment UTLs for tom1 merals. 

UPPER TOLERANCE LIMITS (SITE-WIDE) i 
SEEP /SPRING SEDIMENTS, TOTAL METALS 

L 

S M I P E  PERCENT S T A N D A R D  
A N A L Y E  SIZE. N DET.:TS M E A N  DEVLAWN 99/99 UrL UNITS 

ALUMINUM 

A R S E N I C  
BARIUM 

W M I U M  
C U C l U M  
CESIUM 
CHROMIUM 
C O B A L T  
COPPER 
IRON 
LEAD 
LITHIUM 
M A G N E S I U M  
M A N G A N E S E  
MERCURY 
M O L Y B D E N U M  
NICKEL 
POTASSIUM 
SELENIUM 
SJLICON 
SliVER 
S O D I U M  
S T R O h T U M  
THALLIUM 
TIN 
VANADIUM 
ZINC 

A N T I M W :  
x )  

18 
x )  

20 
16 
16 
20 
17 
18 
19 
18 
18 
18 
18 
20 
19 
15 
19 
17 
10 
19 
10 
15 
n 
x )  

13 
19 
19 
M 

100.00 
u.u 
90.00 
Q5.00 
B l l s  
U . 7 5  
1 00.00 
5294 

01.44 

lu.21 
Q4.U 

100.03 
100.03 
68.89 
80.03 
100.00 
XIS3 
51.89 
B824 
61.11 
68.42 
100.00 
46.67 
60.03 
93.00 
24.77 
57.89 
1M.00 
103.03 

10.3y.30 
8.81 

1255 
204.61 

1.13 
1 

1D.LO7.X) 
260.47 
10.90 
3.4? 
10.74 

20.7a.89 
36.57 
1D.79 

2249.30 
261.63 
0.23 
13 .n  
12.99 

l .ou.72 
1.25 

1.690.70 
2 1 5  

251.62 
1 13.70 

1.42 
' 22.18 

27.63 
56.13 

5.010.71 
8.14 
14.29 
1 U . U  
0 . n  
1.66 

16.059.% 
200.55 
5.21 
5.48 
1o.m 

22673.64 
. 22.64 

20.12 
1.1206 
273.79 
0.3 1 
19.74 
7.51 

616.83 
0.98 

2.1 17.17 
1.w 

294.04 
92.03 
2.44 
18.75 
14.21 
22.67 

20.553.14 
4 1 . 0 )  

67.25 
m.&3 
4.w 
8.52 

m.Q4.62 
1.070.01 

51.87 
29.81 
61.04 

1 1 0 , ~ . 6 3  
126.03 
w.49 

6.666.56 
1.327.u 

1.55 
QZSQ 
43.31 

5.4Q3.61 
5.07 

12u0 .63  
10.49 

1.378.24 

: 2 . a  
Q5.16 
e2.95 
143.00 

4 ~ 4 . 3 2  
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SAMPLE PERCENT STANDARD 
SIZE. N DETECTS MEAN DNIATION 99/99 UTL UNITS 

8 1oO.W 14.192.25 27,343.99 173.110.00 MGIKG 
17 52.94 4.14 3.6-3 19.89 MG/KG 
3 100.03 1 .JJ 1.53 37.91 MGlKG 

18 100.05 7.24 0.55 9.47 PH UNITS 
4 75.00 750.25 1,4%.i?J 19,329.11 MGIKG 

Table C-51. Secp/spring sediment UTLs for total radionuclides. 

I 
1 

1 UPPER TOLERANCE LIMITS (SITE-"DE) 
SEEP / SPRING SEDIMENTS, TOTAL WiDlONUCUDES 

STANDARD . SAMPLE PERCENT 
ANhlyTE SEE. N DETECTS MEAN D W T I O N  w / w  L V L  UNITS 

AMERfCrUMZt 1 

GROSS AUW 
GROSS BETA 
PLLf10NIUM.L24 
PLmoNIUM-2S0.240 
W I U M P G  
R4DIUUZ2b 
STROtinUM89.00 

UFUNIUM. TOTAL 

CESIUM-137 

mmuM 

UWNIUM.233234 
U W N I U M * W  
URANIUM-224 

14 
13" 
15 
14 
3 
16 

9 
Q 

14 
13 
3 
16 
17 
14 

703.03 
100.00 
100.00 
100.03 
103.00 
100.00 
103.00 
100.00 
103.W 
100.00 
103.00 
103.00 
103.00 
100.00 

0.1J 
0.11 

19.71 
3 . 7 3  
0.00 
0.81 
0.7 1 
1.18 
0.35 

1.07 
0.82 
0.04 
0.73 

1 w . n  

0.3 1 
0. m 
14.00 
5.08 
0.00 
1.71 
0.24 
0.32 
0.52 

127.73 
0.59 
0.38 
0.05 
0.4 1 

1.46 
3.51 

7 8 . U  
45.76 
0 . 0 1  
7.68 
1.Q7 
2b8 
263 

769.75 
15.87 
2 39 
0.25 
2 5 2  

E I 

Table (2-32. Seep/spring sediment UTLs for total "water-quality " parameters. 

1 UPPER TOLERkNCE LLMrrS (SITE-WIDE) I 

ANAlME 

ALKALlNlN AS CAC03 
NTRAIVNITRITE 
NITRITE 
PH 
TOTAL ALKALINITY 

c-3 5 

'. 



CG'! 
6 1'0 
6L' 1 
22'2 
LB'5 

09' 1 

? 1'0 
LZ'X 
LL.?5 

89'C 
9.0 

262 1.5 

EfZ!'7 
CCZl'V 
628C.S 
LCLO'S 
L CLO'S 
bOC6'E 
FZ5B.E 
LCLO'S 
Cc373'2 

bZZ'2 

55L5: 3 
! LZtO'O 
Lf;; 1'0 

WL62'0 
6CfS'O 

E19Zl'O 
CZCZ3'0 

665's 
915.2 
LSB?'O 
25;O.O 

, 

@:'OB 
9S'SS 
ZB'7L 
53'0 
E0'06 

bZ'ZL2 
L 2.2 

~-O'SSS;: 
93.1 

66'9525 
6L'9Z 
f9'6 
12'0 

19'EfZZ 
ZS'LLOL 

86'6 1 
6C.19 

12'09LQZ 
K"LZ 

01'92 
ZL'MC 

L L'Z9QE 1 
LS'2 
00'2 

LE'C'ES 
ZC'E 1 

SC'? 1 

SB'6C6 12 

ca'z! 

9! 
81 
81 
91 
81 

91 

81 
9L 
8 I. 
91 
81 
81 
81 
81 
81 
81 
81 
81 
81 
61 
81 
81 

Ll 
81 
81 
Bl 

81 
c 1 

ai 

S6L'L 
620'9 
SO 12'6 
wz 1'0 
1 18': 1 

LCO'SL 
E69'0 

ZS2'COL 
8971.0 
Lb'SLS 
88S'C 
ZS36S' 1 
9cCO'O 
LO'LSb 

S6'6Ml 
CLZ'Z 
PZ0'9 

29'9UE 
629'C 
SOC'P 

E2'19 
S'CZa 
3C'O 
952'0 
E9.S 
8 LB' 1 
2ZL' 1 

CS'LSZZ 

i6r.z 

!7Z8'SS 
E09' lt 
93f'BE 
ELLP'O 
LEE'S2 
7 L'SL 1 
9ZL.l 

56'08L 
SBLb'O 
6'LLtiZ 
8LS.Z 1 

L66LC.C 
95160'0 
L9'C!7S 

86'0 1 

SES'LE 
L'L8ESl 
W6'Z 1 
1 8L 'L 

LOZ'S 1 
C5'19 

1'990s 
820'1 
C86'0 
Z'S6 1 

SZS'O 1 
6'2662 L 

cxsaz 

Lis's 



RESPONSES TO EPA LETTER 8HWM-FF - STATISTICAL COlMPARLSONS TO 
BACKGROUND AT ROCKY FLATS DATED SEPTEMBER 21,1993: 

GENERAL COMMENTS _ .  

1. Overall, the report is outstanding. It succinctly outlines a comprehensive paradigm for the 
background analysis of inorganic chemicals at RFP. It is obvious that the multitiered approach, 
incorporating specific data quality objectives, presentation and graphic analysis, and a series of 
six statistical tests has been well thought-out and all possible scenarios considered and problems 
anticipated. It directly addresses the predominant contentious and divisive issue, the proper 
application of the upper tolerance limit (UTL) approach that has been advanced by DOE. 

On a purely technical level, the approach is well-balanced. However, the report appears to be 
overly concerned with Type I or false positi1.e errors and not as concerned with Type II or false 
negative errors. From a risk assessment standpoint, a Type I error can t.2 easily managed if it 
is unknowingly included in the risk assessEient since the analysis can be revisited and 
professional judgement applied if the risk associated with the chemical in question becomes 
unacceptable. In contrat, a Type II error cannot be so easily managed. If a Type 11 error is 
made, the chemical will be incorrectly eliminated ear ly  in the COC seiection process and will 
not be further considered. Although it is desirable to minimize or eliminate both types of errors 
from the analysis, from a public health perspective it is preferable to make a Type I error. 
Chemicals included in the risk assessment from a Type I error will not automatically be 
remediatd. EPA recommends that for risk assessment,’ samplin; design should specify the 
probability of a Type I error as 20% and the probability of a Type II error as 10 % or less. This 
is an important item to reach consensus on between EPA, CDH, and DOE. 

Clarification. It is necessary to reach a compromise between acceptable Type I error 
rates, acceptable Type II error rates, and cost. Each OU should have addressed these 
issues in the OU-specific workplan approved by DOE and the Agencies. The 
corresponding background data are now a matter of historical record, as this samplin~ 
program was tenilinated after four years of data collection. At the September 29, 1993 
meeting, all parties agreed to the Type I error rates incorporated into the current plan, 
which is 5 %  for the Gehan, quantde, slippage, t-test, and Wilcoxon Rank Sum tests, with 
the Type TI error rate left unspecified. However, it should be noted that the actual Type 
11 error rate has been reduced, and the Type I error rate has been increased, because of 
the battery of tests. The UTL test will increase the Type I error rate and reduce the 
Type II error rate as well. 

2. One additional problem that is not addressed in Dr. Gilbert’s report, perhaps because i t  was 
outside the scope of wcrk, involves dau. aggregation. This is a fundamental issue that h a s  yet 
to receive the proper amount of focused attention. Without an estabrished methodology for 
aggregating data within different environmental media, the time and effort expended in executing 
the sophisticated statistical approach presented in this report will be misspent. Although the 
report touches on some aspects of this broad problem, it does not directly discuss the issue. 

I * 



Therefore, EPA, CDH, and DOE need to address it. 

Clarification. Data aggregation is another topic, being addressed by DOE/RFO, CDX, 
and €PA separately from this forum, which deals strictly with site-to-background 
comparison. 

3. If the agencies can agree that the above concerns will be addressed, the background analysis 
approached developed by Dr. Gilbert provides a well-balanced methodology that will, if 
implemented properly, lead to a robust background analysis. This objective, scientific approach 
wilI result in verifiable conclusions, expedite the rcview and comment period, and prevent an 
overreliance on professional judgement. 

No response necessary. 

SPECIFIC COMMENTS 

1. PaEe 2. Seventh Bullet. It is suggested that the same field sampling and labcratory 
procedures be used for both background and site data. The statement should be extended to 
include data aggregation. Past review of RFP data from operable units showed inconsistencies 
in the methodology used to aggregate data. Problems encountered at this phase will be 
magnified at later stages of the background analysis. 

Concur. The Same field sampling and laboratory procedures were used for both background 
and site data. 

Clarification. Data aggregation is another topic, being addressed by DOBRFO, CDH, and 
EPA separately from this forum, which deals strictly with site-to-background comparison.. 

c 

2. Page 4. Task 1. Observation 1, Third Bullet. This statemerat suggests that background 
analvsis should be the initial state in selecting COCs. This is coiisistent with the COC selection , 
methodology developed for Rocky Flats by DOE, EPA, and CDH. However, in order to 
manage DOE’S effort in background comparisons, we point out that it is not necessary to carry 
all chemicals through an elaborate, time consuming statistical analysis if they can be eliminated 
as essential nutrients or as infrequently detected chemicals. It may be more cost-effective and 
expeditious to simply eliminate chemicals on the basis of these two preliminary criteria than to 
conduct a background analysis only to eIiminate them later based on the background analysis. 
We suggest that DOE consider this in the development of a plan to implement Dr. Gilbert’s 
approach. 

Clarification. Essential nutrients have not been eliminated from the protocol in the 
statistical methodology. This comment was withdrawn by €PA at the September 29, 1993 
meeting. 

3. Page 5. Task 1. Observation 4 ,  Second Bullet. This statemEnt expresses concern about 
measurements that are less than the contract required detection limits (CRQL) but above 
instrument detection limits (IDL): According to Risk Assessr.:ent Guidance for Superfund, 



Human Health Evaluation Manual, Volume I, Part A, these measurements should be "J" coded 
and interpreted as estimated values. They should not be viewed as non-detected chemicals. If 
they x e  currently classified as non-detect chemicals in the RFP background geochemical report, 
the entire validation process currently in place should be revalcated. 

Clarification. There has been c.onfusion over the detection limits and their application. A 
qualifier of "J" indicates that the reported value is between the insthment detection limits 
m d  the contract required detection limits. A non-detect h a s  a reported value of a detection 
limit, not the detected value, and conveys less information than a "J". 

4. Page 9. ParagraDhs 3 and 4. The essence of this discussion is that a hot measurement 
CHM) concentration should serve as a "safety net" that can prevent "bot spots" from passing 
unnoticed in a risk assessment. It should be noted that this need has been previously recognized 
and was addressed in the original flow chart devised during the summer 1992 meetings involving 
EPA, DOE, and CDH. At that time, it was agreed that a risk-bas4 concentration (RBC) would 
effectively serve as the "hot measurement." Although a UTL bas some utility in identifying hot 
spots, there is no need to conduct a lengthy analysis if the. highest detected concentrations do not 
exceed a praletermined RBC and pose an unacceptable human health risks. Thus, it is possible 
to have measurements above the UTL but below an RBC in whiLh w e  there would be little 
reason to consider the chemical further. 

1 

Clarification. The Guide for Conducting Statistid Comparisons of WI/RI Data and 
Background Data at the Rocky Flats Plant (called The Guide subsequently) addresses 
statistical determination of the presence or absence of analytes, and does not address human 
health effects. For each OU, additional tests will determine if the analyte concentrations 
present are. below regulatory ( A M s )  and/or human health effect (PRGs) levc!s, but that 
is external to the statistical discussion at hand. 

. . . .- . . , . -- . . ... - . . . - .. . 
. ... .. .- . .. . . ... , 

.'.:;r;:::.. . . . -_-.I .: - ': _. 51. PaPe 10. Third and Fourth Bullet, This statement refers to lowering the potential for a Type 
. .  . .  . . ._... ---. - 

... I, false positive error to using a 99 percent UTL on the 99 percentile. However, this concern 
is not properly balanced against the potential for a Type II error. A false negative could have 
profound consequences on the risk assessment and subsequent remedy selected for the site. 

... . . . .. , . . . , - _.. . . . _ .  . . .. . 

. .  . .. 
~ . . . 

. .  . 
-_. 

Do not concur. If the 95% UTL were used, then a very high percentage of data points 
would be considered pCoCs, because theoretically, even a background ::opulation will have 
5% of readings above the UTL. A site, even if its concentration levels are slightly above 
bad-ground, may have considerabiy more than 5 % of its readings above the TJTL95/55 . Any 
analytes that show a false negative on this test wdl still be Considered pCoCs if they test 
positive on any of the other statistical tests. 

6. Paee 11.  Second ParaPraDh. This paragraph suggests that data quality objectives (DQOs) 
be established at the design stage of the studies. Although this is a relevant comment in the 
aritext of planning a background analysis, the background aid  most of the OU planning and 
sarnpling h a s  already been completed. Thus, this comment is appropriate in theory but there is 
little chance for implementation. Revitalized effort should be directed to estaulishing DQOs 
where they were not previously established, and analyzing whether the sampling efforts 



completed to date have succeeded in nleethg these DQOs. DOE, EPA, and CDH w.ill need to 
look at options for correcting the situation if the DQOs have not been met. 

Concw. The draft RIs for each OU have a section for reviewing data quality. Zach OU 
manager beas  the responsibility for ensuring that DQOs are met for his or her OU. This 
issue will be dealt dth independently from the statistical methodology, as was apxed to by 
FPA, CDH, and DOE at the September 29, 1993 meeting. 

7. 4. Flow Chart for Compan 'ng OU Data to Background. With a minor exception, 
tllis flow chart adequately describes the framework for a background analysis. The e x q t i c n  
is w inadequate description of approprbte conditions under which particulat statistical tests 

Explicit guidelines for the application o f  specific statistical tests under well-deEned conditions 
should be presented to circumvent future dsunderstandjnw It would be highly usefd. for EPA, 
DOE, and CDH to agree to a predetMmined paradigm in which all possible circumstances arid 
condjtions have been anticipated and tbe approprjate statistical tests identified. Knowing in 

discussions and possible disagreements, 

a should applied. 

I 

I 

advance what particular test will be applied under what cjrcurnstances wi l l  prevent p- otrdcted 

Co.+cuf, The Background Comparjson Methodology chm shows the specific tests and gives 
the conditions under which they are or are not applicable. h addition, The Guide's text states 
which tests will be conducted, under what cjrcurnstances. 



IMPLEMENTATION ISSUES 

1. EPA, DOE, and CDH must reach consensus on procedures for defining non-detects. 

Concur. The Guide states that non-detects will be considered to be one-half of the reported 
detection limit, in accordance with EPA guidance. 

2. EPA, DOE, and CDH must reach consensus on what hot measurement value should bc used. 

Concur. Our methodology uses a value of m,, , 
3. EPA, DOE, and CDH must establish data quality objectives which address acceptable power 
and confidence levels, required detection limits, and anticipated data aggregation. 

Clarification. Thr; draft RIs for e x h  OU have a section for reviewing data quality. Each 
OU manager bears the responsibility for ensuring that DQOs are met for his or  her OU. 
This issue will bedealt  with independently from the statistical methodology, as was agreed 
to by EPA, CDH, and DOE at the September 29, 1993 meeting. 

4. EPA, DOE, and CDH must revisit the assumptions which Dr. Gilbert lists on page two of 
his cover letter. Are these assumptions valid? What are the consequences if the assumptions 
are violated? Can this be handled in an uncertainty analysis? 

Clarification. All of the assumptions listed, except for the last four, are difficult to quantify 
and are thus not "valid" or "invalid". These last four are now,answered r individually. 

The  Same field-sampling techniques are used for background and site, so this assumption is 
valid. 

Measurements are not always validated by third-party subcontractors before the draft RFI/RI 
statistical testing has been completed, so this assumption is not valid. When the data 
validation results have been obtained, the data are reanalyzed, and the final WI/RI contains 
no rejected data. 

Background data were checkcd for outliers, per EPA comments upon the 1992 Background 
Geochemical Report, and extreme outliers were excluded from statistical analysis in the 1993 
Background Geochemical Report, so this assumptior. is not entirely valid. However, OU 
data outliers are not typically deleted, although data from the OUs are checked for 
"geochemical reasonableness", and any unusual results are discussed in the ensuing reports. 

- 
- ._ i 

The hstrurnent detection limits are not always reported in the data bases, so this assumption 
is not completely valid. However, the costs of recovering this information would be 
considerable. 

5. EPA, DOE, and CDH must re:.ch consensus on a paradigm for implementation. The issues 
to be worked out include: 
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a. The appropriate background data sets by analyte, medium, and location. 

Concur. 
Populations" addresses how this will be done. 

The section of The Guide entitled "Determine Background and OU Target 

b. How to deal with clearly non-random (e.g., spatial) patterns. 

Concur. The Guide states in the Pr.)fessional Judgement section that spatia! patterns are 
subject to professional judGement, which is then subject to €PA and CDH review. 

c. Measurement errors and multiple non-detects. 

Concur. Measurement errors are an inevitable part of physical data. Efforts are taken 
throughout the data-collection process to minimize errors. When non-detect replacement is 
necessary @.e., for t-tests or UTL tests), non-detects are dealt with by replacing the data 
value with 1h of the reported detection limit. 

d. Structure for the formal statistical tests. 

Concur. The Guide furnishes this structure. 

e. Data aggregation for comparison :.n the statistical tests. 

Clarification. Data aggregation is anoiher topic, being addressed by CDH and EPA 
separately from this forum, which deals strictly with site-to-background comparison. 



RESPONSES TO CDH LETTER - STATISTICAL METHODS FOR THE COMPARISON 
OF REMEDIAL INTESTIGATION DATA TO BACKGROUND DATA AT ROCKY 
FLATS PLANT, DATED SEPTEMBER 13,1991 

1. The Division would like to emphasize the importance of effective graphical presentation of 
data to enhance the understanding &d interpretation of the statistical tests. The Division 
believes that the development of effective graphical procedures to display ana interpret both site 
and background data is essential to the usefulness of the methodology and hould not be 
overlooked or down-played. The Division requests that specific graphical iechniques be 
developed and included in the "statistical strawman" methodology. 

Concur. The Guide specifically addresses graphical techniques. 

2. The Division does not recommend the use of a risk based hot measurement comparison value 
in the hot measurement comparison. The use of risk based decisions is not appropriate in the 
context of comparisons to background. 

Concur. The hot-measurement comparison value is not risk-based. 

3. As noted in Dr. Gilbert's report, the proper treatment of non-detects and multiple detection 
limits is critical to the implementation of his recommendations. Both of these issues occur 
frequently in Rocky Flats data sets. Therefore, the Division recommends that DOE emphasize 
specific protocol for proper treatment of non-detects and multiple detection limits in the 
"strawman" methodology. r 

Concur. The Guide states that non-detects will be dealt with by replacing the data value 
with '15 of the reported detection limit. 

4. The Division agrees with Dr. Gilbert that professional judgement is necessary in evaluating 
the results of statistical tests. However, it is not the Division's intention that professional 
judgement be a substitute for an inadequate site investigation or as a tool to dismiss dubioub 
data. The scope of appropriate professional judgement and limitations on its application should 
be outlined in the "strawman" methodology. Guidelines and criteria for making decision based 
on professional judgement should also be identified. 

Concur. The Guide restricts professional judgement to several specific areas. 



Response to EPA: Hestmark letter 8HWM-FF received 10/25/93 

1. To determine the appropriate background and operable unit populations for comparison, 
we understand that some matching of the two populations is done by geologists and chemists. 
Data for an analyte in a non-background area are grouped according to a combination of 
background classes, which represent indepe.%dent background populations. A table that cross 
references the ope ib l e  unit populations and the background populations will be provided. 

Concur. The strawman has been changed to require tables that cross-reference OU 
media to background media. 

2. A more explicit statement of the null hypothesis that is being tested will be included. In 
addition, a fixed p value of 0.05 will be used for each of the inferential statistical tests as 
written iri the strawman proposal. There was some inconsistency in what was written in the 
proposal and what was stated in the meeting regarding the p value. A fixed value of 0.05 is 
what we will accept. 

Concur. The strawman states that p values must be less than or equal to 0.05 to 
demonstrate a significant difference from background. Footnote 3 on page 5 o f  the 
strawman, which was not clear on this point, has been deleted. 

3. All references to comparison of background and operable unit populations for organics 
will be removed. Background comparisons apply to inorganics m d  radionuclides only. 

r .  

_ _  
Do not concur. Although backgroundcomparisons for organics are not commonly used, 
there are instances when it may be applicable, in which wide-ranging organic 
contamination is due to non-site-specific w.thropogenic sources. We want to retain the 
option of performing background comparisons for these organics, when geochemists or  
geologists determine that it is applicable to do so. In these instances, we will retain the 
burden of proof, and the applicability of the comparison will be subject to EPA and CDH 
approval. 

The strawman has been rewritten to state that background comparisons for organics will 
be done on a limited, case-by-case basis, subject to EPA and CDH approval. 

4. TI.2 use of professional judgement in interpreting the results of the graphical displays and 
statistical analyses will be limited to consideration of spatial distribution, temporal 
distribution, and pattern recognition concepts. The strawman proposal included five 
additional criteria, These will be deleted in the f ina l  implementation document. 

Concur. The five criteria (intermedia interactions and geochemical processes, not an 
expected contaminant, blank data, regional background railge, and influence of field 
activities) have been deleted. . 



5. The non-background population is defined as the entire operable unit remedial 
investigation set. The data aggregation for the purpose of background comparison will be 
done within the area defined by the operable unit boundaries. 

Concur. Analysis will be done on an OU-wide basis. 

6. The attached flowchart, "Background Comparison Methodology", distributed at the 
meeting will be clarified. It is EP.9's understanding that z..l! the data sets will undergo the 
hot measurement test gnJ the battery of inferential statistical iests (Gehan, Quantile, 
Slippage, and T-Test) provided the data satisfies the conditions stated in the strawman and on 
the flowchart. If any one of these tests, including the hot measurement test, shows 
significance, the analyte will be further considered, using professional judgement, as a 
contaminant of concern. The flowchart would benefit from the addition of decision blocks 
after each test indicating the next step if significance is demonstrated or not. 

Clarification. The chart "Background Comparison Methodology" attached to EPA's 
memo is not the same as that distributed at the September 29, 1993 meeting and 
contained within the strawman proposal. The difference is that nonparametric ANOVA 
tests are given as options to the Gehan test in the chart within the strawman proposal. 
Because the Gehan method is not standard and will therefore incur practical liabilities 
(e.g., the method has not been adequately tested and verified, preliminary usage shows it 
to require excessive man-hours, and subcontractors will need to be instructed in its use), 
we want to retain the option of performing standard nonparametric ANOVA testing, 
using the Wilcoxon or Kruskal-Wallis tests, instead of the Gehan test. 

Additional clarification. The suggested decision blocks are not necessary. All tests will 
- .L.  be performed, if applicable, regardless of whether other tests demonstrate significance. 

r 

Concur with the need to redo the flowchart. This has been done. 

6. (continued) We also have some specific questions that need to be addressed in the final 
document: 

a. What happens to data which is carried through the slippage test but does not qualify for 
the t-test? 

Clariflcation. The data that do not qualify for the t-test will be routed to the "At Least 
One Test Significant?" block. The flowchart has been revised to show this. 

b. What is the basis for the 20% detect value as t1.2 criteria for the Quantile test? How does 
this criteria relate to the criteria for applying this test as stated in Dr. Gilbert's report on 
page 20? 

Clarification. Dr. Gilbert's method proposed looking up tabulated values for n and r 
parameters. The quantile test could be corzcctly applied only if th: largest n values were 
dl detects. Our statisticians have stated that, typically, this restriction equates to the 



largest 20% or less of the combined sample sizes being detects, and recommend using a 
flat 20% to simplify application. 

c. What is the basis for the criteria of N > 20 value for background and operable unit data? 

Clarification. Our statisticians derived this value from application of the Central Limit 
Theorem for a two sample problem. If both samples have N=20,  then there will be 38 
total degrees of freedom, which will permit assumptions about the distribution. 

7. EG&G’s claim that these impacts [of implementing Dr. Gilbert’s reco::imendations] could 
range from $30,000 up to $120,000 per operable unit is not supported by the information 
provided. In fact, it appears that there is some evidence that implementation will not 
negatively impact costs or schedules. 

Do not concur. Because the Gilbert method requires additioiial work, ;here will be cost 
and/or schedule impacts. 

In addition to the impacts mentioned above, cost impacts may result if the Gehan method 
is used. For OU11, approximately 200 hours were required to perform the Gehan test, 
when less than 40 hours would have been sufficient to perform standard ANOVA testing. 
However, the majority of these costs appear to be one-time costs such as coding 
development. Subsequent testing on the same OU indicate that the cost impacts may be 
as little as 30 hours for a small data set. 



Response to CDH letter "DOE Proposed Methodology for Statistical Comparison of 
Remedial Investigation Data at the Rocky Flats Plant" from G. Baughman to R. 
Schassburger, dated 10/13/93 - ' 

1. To minimize any potential future misunderstandings of this agreement, the Division feels 
that it is critical for the Agencies to develop a formal guidance/policy document 
institutionalizing the agreement. The Strawman document was written for the purpose of 
facilitating agreement among the Agencies. However, the end users of this document will be 
the operable unit managers and sub-contractors preparing and reviewing RFI/FU reports. The 
majority of these pxple  were not involved in the development of this methodology. It is 
critical to the future of this agreement that f inal  documentation of this agreement be 
developed to clearly and concisely guide future end users in the implementation of this 
methodology. This formal guidance should be completed in parallel with the implementation 
of the agreement. 

Concur. When the strawman has been completed and accepted by all concerned parties, 
it will then be rewritten as a procedure for statistical comparison of OU data to 
background. 

2. The Division recommends that the title of this document be revised to more accurately 
reflect its content and intent, that being methodology and guidelines for.the comparison of 
site data to background data. The Division proposes the title, "Guide for Conducting 
Statistical Comparisons of RFI/RI Data and Background Data at the Rocky Flats Plant," for 

. . . . .  . . .  .-:;. consideration.l.r. . 
........ ............. 

. . . . . . . . .  __.. . . . . .  . .  . . . . .  . . . . . .  .. .............. . ..-. ,.&..Z. . . .  ........ 
. . . . . .  

. . . . . . . .  . .7; .  .<:. .. . . . . . . . . . . . . .  . - ,___. . . . . .  ............. Concur. The CDH's proposed title is an improvement'to the current title, and has been 
. _ - . .  ............ .... . . . . . .  . .  .:.I :- . . . . .  adopted. 

................ ..... . .  . _-:-.i.,_ _. 
..... ..: >? '.::::.-,' . . . . . .  :: 

~ 

. . .  
I .  . . . . .  . .  

. . . .  : . . .  .:.- . ' . .  I -:.' ... -. 3. One of the central themes of Dr. Gilbert's recommendations was the need for statisticians 
- . . . . . . . . . .  

......... L-.:.s:- to be involved-throughout the entire process. However, statistician involvement is not 
. ... . .  ..... discussed in the methodology.- The division requests that the role of the statistician in 

implementation of this methodology be clarified in this document. 

- - 

Concur. Statisticians will be employed to verify that the methods used are correct. The 
strawman has been rewritten to incorporate this. 

4. The Division does not believe that references to specific DOE sub-contractors are 
appropriate in this document. The Division recommends DOE review all references to sub- 
contractors and, where appropriate, modify the reference to more accurately reflect DOE'S 
role and responsibilities. 

Concur. References to DOE .subcontractors have been eliminated. 
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5. This section (Determine Background and OU Target Populations) outlines the steps for 

Concur. The strawman states t h h  the OU will match one or more of several specified 
background media. In addition, the strawman has been changed to require that a cross- 
reference be performed between the site and one or more background media. 

6. As discussed during the September 29th meeting, and emphasized by Dr. Gilbert, it is 
critical to statistical hypothesis testing that the hypothesis to be tested is explicitly defined 
and clearly st7ted. The Division recommends a statement of the test and null hypotheses, in 
both "english" (narrative qualitative description) and statistical terms, be added to this section 
of the methodology so there is no misunderstanding of what is being tested. This statement 
should also address corifidence and power requirements for the tests. 

Concur. The strawman has been modified to require statistical and prose statements of 
the null and alternative hypotheses. 

7. The Division does not agree with the blanket statement at the beginnicg of this 
discussion, "Under current IAG schedule conditions, analytical data will not be 'validated' 
when the background comparisons will be made in each draft report. " This claim is not 
substantiated by the schedules submitted by DOE in the approved OU work plar s and is in 
direct contradiction to Dr. Gilbert's Task 5 recommendations. llr.  Gilbert states that, 
"These data quality evaluations are conducted prior to descripti\.e graphical analyses and 
formal statistical tests." In finalizing this methodology, the Division recommends that DOE 
follow Dr. Gilbert's recommendations for data validation before formal graphical 
presentation and statistical testing. The need for variance from this approach will be 
considered by the Division on an OU specific basis. 

Do not concur. Under the present system of data validation, the non-validated data are 
used only for the draft FEI/RI. The final J'FI/RI is based solely upon validated data. 
The lag time between receiving data from the laboratory, and validated data from the 
independent subcontmctor can exceed one month. Waiting for 100% validation may 
impact schedules, but will probably not zhange the results in the final RFI/RI. The 
potential impacts of using non-validated data at each OU will be discussed on a case-by- 
case basis. 

8. The Division recommends DOE add a discussion of detection limits to this section of the 
methodology. In the past there has been confusion as to what detection limits are being 
reported and used (instrument detection limits vs contract limits vs reporting limits). Part of 
this confusion may be because dqtection limits have not been formal discussed. This section 
should state what detection limits are to be used in statistical testing and how they are 

. 



determined from the WEDS data set. 

Concur. The strawman addresses detection limits, and it specifies how determinations 
are made on how to handle non-detects. 

9. The Division recommends that this section (Preliminary Exploratory Data Appraisal) be 
moved to the Data Presentation section. 

Concur. This-section has been moved to the Data Presentation section. 

10. The Division interprets this section as describing the informal data analysis conducted 
during RFI/RI preparation and not normally included in the formal RFI/RI report. The 
Division recommends adding language to indicate that this informal data analysis will be 
made available and reviewed with the regulators in evaluating the appropriateness of the 
scope of the formal RFI/RI proposal. 

Clarification. We have added language to this section to clarify that this informal data 
analysis will be informally discussed with CDH, EPA, and DOWRFO. However, this 
will not constitute a formal deliverable. 

11. The Division.does not agree with DOE's recommendations that box plots are applicable 
only when there are no non-detects. The problem of estimating percentiles for data sets with 
multiple non-detects was not resolved by Dr. Gilbert. The Division recommends that when a 
reasonably small percentage of non-detects are present, percentiles be estimated using 
Maximum Likelihood Estimation (MLE) techniques in constructing box plots. 

. : 
.-zz,,,+y8,;L.> ...... .;ci;: 1- . . . . . . . . .  .--..::,:-;:<<.. . .  Concur. We will provide box plots .unless the percentage of non-detects exceeds 50%. 
...... ; . ~ I ; , . l ' . i . . -  :.:. .............. .. . ..._. _ .  . . .  . .........- : ..... ?. ........ ... The 50% figure is chosen for consistency with the 1993 Background Geochemical ........ . . .  . .  ,_ ........ . . .  ' _ ._ . . i  . . .  Characterization Report (September 30, 1993). 

12. The Division does not agree with DOE's suggestion that histograms are not useful for 
_ _  small or highly censored data sets, such as inorganics. As stated by Dr. Gilbert, such 

histograms are not likely to be useful in visually assessing whether the data sets are better 
modeled by a normal or lognormal distribution. However, they may still be useful to 
visually compare the spread, central tendency, and skewness of the two data sets to look for 
differences that may be important. 

Concur. We will provide histograms unless the percentage of non-detects exceeds 50%. 
Bars in the histogram will be shaded to indicate the percentage of detects and non-detects 
within each bar interval. 

13. The Division recommends that a discussion be added to this section of the methodology 
to address what to do when a UTL 99/99 can not be reasonably estimated or is unhown (ie 
small or highly censored background data set). 

Concur. We have modified the strawman to state thdt professional judgement, and use of 
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geochemical background data from the literature, will be used, The result will be a 
geochemical interpretation of data, subject to agency review and approval. 

14. The r::ference in Footnote 2 to OU 1 is not appropriate and should be removed. The 
inferential tests conducted at OU 1 were the result of a compromise agreement, are not 
precedent setting for other OUS and &e not the tests being proposed in this document. 
However, as stated in this note, limited professional judgement as presented later in this 
document may be applicable. 

Concur. This footnote h;is been deleted. 

15. This discussion (Footnote 3) should be moved to the DQOs or statistical test definition 
section of the document. 

Clarification. This footnote has been deleted. We intend to use a p value of 0.05, and 
the footnote made that intent unclear. 

16. The Division does not agree with the limitations DOE has placed upon the Slippage Test. 
The slippage test can be applied to data sets when the largest background point is a non- 
detect. If the largest background data point is a non-detect then logic must be applied to 
determine if the slippage test is applicable, but the test should not be categorically 
eliminated. 

Concur. We have rcwritten the strawman to state that, if the largest background data 
point is a non-detect, we will apply judgement to investigate Ghether or not the slippage 
test is applicable. 

).. 

17. The Division recommends limiting the use of professional judgement to the first three 
criteria; spatial distribution, temporal distribution, and pattern recognition. In addition, it is 
recommended that the introduction to this section include acknowledgement that in applying 
professional judgement, the "burden of proof' lies solely on DOE. Professional judgement 
will only be considered by the Division on a limited basis where well documented and 
defensible evidence is presented. 

Concur. We have eliminated the last five criteria from the strawman, and acknowledged 
that we will bear the burden of proof. 

18. To make the process more efficient the task of eliminating non-detected analytes should 
be completed prior to data presentation. The flow chart should be modified to reflect this 
change. 

Concur. We have changed the flowchart. CDH's comment improved the process. 

19. This flow chart is confusing and difficult to follow due io the many multiple and 
undefined branches. To minimize the potential for misunderstanding this chart must either 
be clarified or deleted. 
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Concur. The flowchart is too important to delete. It has been clarified. Lines denoting 
the flow of information have been deleted, keeping only the lines denoting flow of 
control, in accordance with common flowcharhng techniques. Decision blocks have been 
transformed into diamond shapes. Alternative "No" paths have been added for the blocks 
labeled "No Non-Detect Present.,..OU Data Normally Distributed?", and "At Least One 
Test Significant?" Finally, the'block representing the conditions which must be met prior 
to performing the t-test has  been changed to reflect the conditions given in the text. 

. .- . . . . .  . . . . . . . . -  . . . . - _. - -. . . 
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